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- 269. 
- 272. 
- 27U. 
- 276. 
- 279. 
- 282. 
- 28U. 
- 287. 
- 290. 
- 292." 
- 295. 
- 298.-
- 301. 
- 30U. 
- 307. 
- 310. 
- 313. 
- 316. 
- 319. 
- 322. 
- 325. 
- 329. 
- 332. 
- 335. 
- 339. 
- : 3U3. 
- 3U6. 
- 350. 
- 35U. 
- 357. 
- 361. 
- 365. 
- 369. 
- 373. 
- 377. 
- 382. 
- 386. 
- 390. 
- 395. 
- Uoo. 
- Uou. 
- U09. I 
- UiU. 
- Ul9. 
- U2U. 
- U29. 
- U35. 

T 

361 
362 
363 
36U 
365 
366 
367 
368 
369 
370 
371 
372 
373 
37U 
375 
376 

! 377 
378 
379 
380 

1 301 
382 
383 
38U 
385 
386 

[ 387 
388 
389 
390 
391 
392 
393 

- 39U 
. 395 

396 
397 
398 
399 . 
Uoo 
Uoi 
U02 
U03 
UOU 
U05 
U06 
U07 
Uo8 
U09 
UlO 
Uii 
U12 
U13 
UlU 

m 

U35. 
UUo. 
UU6. 
U52. 
U57. 
U63. 
U70. 
U76. 
U82. 
U89. 
U96. 
503. 
510. 
517. 
525-
532. 
5U0. 
5U8. 
557. 
565. 
57U. 
583. 
593. 
603. 
613. 
623. 
63U. 
6U5. 
656. 
668. 
680. 
693. 
706. 
719. 
733. 
7U3. 
763. 
779. 
795. 
812. 
830. 
8U9. 
868. 
889. 
910. 
932. 
955. 
980. 
1006. 
1033. 
1062. 
1092. 
112U. 
1157. 

Ah 

- UUo. 
- liU6. 
- U52. 
- U57. -
- U63. 
- U70. 
- U76. 
- U82. 
- U89. 
- U96. 
- 503. 
- 510. 
- 517. 
- 525. 
- 532. 
- 5Uo. 
- 5U8. 
- 557. 
- 565. 
- 57U. 
- 583. . 
- 593. 
- 603. 
- 613. 
- 623. 
- 63U. 
- 6U5. 
- 656. 
- 668 
- 680. 
- 693. 
- 706. 

.-" 719. 
- 733. 
- : 7U8. • 
- 763. . 
- 779.-
- 795. 
- 812. 
- 830. 
- 8U9. 
- 868. 
- 889. 
- 910. 
- 932. 
- 955. 
- 980. 
- 1006. 
- 1033. 
- 1062. 
- 1092. 
- 112U. 
- 1157. 
- 1193. 

I 
Ul5 
Ul6 
U17 
Ul8 
Ul9 
U20 
U21 
U22 
U23 
U2U • 
U25 
U26 
U27 
U28 
U29 
U30 
U31 • 
U32 
U33 

i U3U -

1 U35 
1 U36 

U37 
U38 
U39 
UUo 
UUI ^ 

-

A h 

1193. -
1232. -
1272. -
1316. -
1362. -
1U12. -
lU65. -
1523. -
1585. -
1653. -
1726. -
1806. -
ie9U. -
1991. -
2099. -
2218. -
2352. -
2503. -
2675. -
2872. -• 
3100. -. 
•3368. :̂ ^̂  
3686. -
U070. -
•.'.U5U3. - , 
51U1. -: 
5^19. -

. 

• 

; ' • • " • 

J 

V • • 

1232. 
1272. 
1316. 
1362. 
IU12. 
1U65. 
1523. 
1585. 

. 1653. 
1726. 
1806. 
I89U. 
1991. 
2099. 
•2218. 
.2352. 
2503. 
• 2675. 
2872. 
31C0. 
3368. 
3686. 
U070. 

, U5U3. 
'5lUl. 
5919. 

' 6975. 

• -; '...'.-. 
• . . - : . ' . 

• - ' • ' \ ' 

— " ".a 

* .' . JV , ' '• 

. - • • 

' " ' • , 

. • • • , . 

. --

*, 

' '' ' \ 

* -. 
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Inner Radius - 6.56 feet 
j i t t e r Radius - 5U.6 feet Coripartraexits - U 

^ h 

.1 
2 
•} 

1 

2 

II 

1 0 
11 
1 2 
1 3 

i'Ti " 15 
L' 
17 
1? 
19 
20 
21 
22 
23 
2U 
25 
26 
27 
28 
29 
30 

1.0 
1.9 
2-5 
2.9 
3.!-!. 
3.7 
7. 
9.-

1 1 . 
lU. 
16. 
19. 
21 . 
2U. 
27. 
30. 
33. 
37. 
Ul. 
U5. 
U9. 
55. 
61 . 
67-
75. 
SU. 
95-

108. 
125. 
1U7. 
177. 
221 . 
293. 
U29. 
795. 

-
-
-
-
-
-
-
-
-
— 
— 
— 
— 
-
— 
-
-
-. 
— 
-
-
— 
-
~ 
— 
-
-
-
-
-
— 
-
— 
-
-

1.9 
2.5 
2.9 

• . 3 , U 
.3.7 
7.. 

• ^'. 
. 11. 

lU. 
16. 
19. 
21. 
2U. 
27. 
30. 
33. 
37. 
Ul. 
U5. 
U9. 
55. 
61 . 
67. 
75. 
8U. 
95. 

108. 
125. 
1U7. 
177. 
221. 
293. 
U29. 
795. 

5250. 

-i-
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Inrier Radius 
Outer Radius 

5U.6 feet 
175 feet Compartments - 6 

.1 

.2 

.3 
-U 
.5 

1 
2 
3 
U 
:? 

o 
7 
8 
9 
10 
11 
12 
13 
lU 
15 
16 
17 
16 
19 
20 
21 
22 
23 
2U 
25 
26 
27 
28 
29 
30 

C \̂\ 

u.3 
7.5 

- 9.7 
11.5 
13.1 
IU.5 
2U. 
32. 
•39. 
\x '^. 
51. 
57. 
63. 
68. 
7U. 
80. 
85. 
91. 
97. 

103. 
110. 
116. 
123. 
130. 
138. 
1U5. 
153. 
162. 
171. 
180. 
190. 
201. 
213. 
225. 
239. 

_ 
-
-

-
— 
-
-
-
-
-
-
— 
— 
_ 
-
-
-
-
-
— 
— 
— 
- . • 

.̂  
— 
— 
_ 
— 
-
-
-
-
— 
-

7.5 
9.7 
11.5 
13.1 
iU.5 
2U. 
32. 
39. 
U5. 
51. 
57. 
63. 
68. 
7U. 
80. • 
85. 
91. 
97. 

103. 
110. 
116. 
123. 
130. 
138. 
1U5. 
153. 
162. 
171. 
180, 
190. 
201. 
213. 
225. 
239. 
253-

32 
33 
3U 
35 
36 
37 
38 
39 
UO 
Ul 
U2 
U3 
UU 
U5 
U6 
U7 
U9 
U9 
50 

• A h 

253. -
269. -
286. -
306. -
327. -
351. -
377. -
U08. -
Ui^3. -
U83. -
531. -
589^ -
659. -
7U7. -
860. -

1012. -
1228. -
1557. -
2123. -
3328. -

269. 
286. 
306. 
327. 
351. 
377. 
U0&. 
UU3. 
ua3. 
531. 
539. 
659. 
7U7. 
860. 

1012. 
1228. 
1557. 
2123. 
3328. 
7671. 

'"s-
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Inner Ra-diijs 
Outer Radius 

175 feet 
558 feet Coapartnents - 6 

A h 

r' 

1 
2 

K 
6 
7 
0 
o 
10 
11 
12 
13 
lU 

18 
19 
20 
22 
22 
23 
2U 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3U 
3S 
36 
37 
38 
39 
Uo 
Ul 
U.2 
U3 
UU 
Ui) 
U6 
U7 
U8 

7.7 -
13.U -
17.3 -
20.5 -
23.3 -
25.3 -
U3. -
56. -
66. -
76:-. -

. eu. -
92. -

100. -
107. -
llU- -
121. -
127. -
.133. -
lUO. -
1U6. -
.152. -
15S. -
16U. -
169. -
J. / : ) . 

181. -
157. -
192. -
198. -
20U. -
209. -
215. -
221. -
226. -
2 3 2 . -
233. -
2U3. -
2U9. - -
255. -
261. -
266, -
272. -
278. -
28U. -
290. -
296. -
302. -
308. -
3lU. -
320. -
326. -
333. -
339.- -

T > )i 

17.3 
20.5 
23.3 
25.8 

• U3-

66.-
76. 
BU. 
92. 

100. 
io7. 
l lU. 
121. 
127. 
133. 
lUo. 
1U6. 
152. 
150. 
16U. 
16?. 
175. 
181. 
187. 
192. 
198. 
20U. 
209. 
215. 
221. 
226. 
232. 
235. 
2U3. 
2U9. 
255. 
261. 
266. 
272. 
278. 
28U. 
290. 
296. 
302. 
308. 
31U. 
320. 
326. 
333. 
339. 
3U5. 

Ah 

1x9 
50 
51 
52 
53 
5U 
55 
56 
57 
53 
59 
60 
6i 
62 
63 
6U 
65 
66 
67 
68 
69 
70 
71 
72 
73 
7U 
75 
76 
77 
78 

• 79 
80 

• Bl 
82 
83 
8U 
55 
86 
37 
;38 
89 
90 
91 
'92 
93 
9U 
95 
96 
97 
98 
99 
100 
101 

3U5. -
3 5 2 . -
350 . -
3 6 5 . -
3 7 1 . -
370 . ~ 
3 8 5 . -
392 . -
3 9 9 . -

hoe. -
Ul3. -
U20, -
U2S. -
.U35. -
Ul;3- -
U50. -
U56. -
U66. -
U7U. -
U32. -
U91. -
U99. -
507. -
516. -
525. -
53U. -
5U3. -
552. -
562. -
572. -
501. '-
592. -
602. -
612. -
623. -
63U. -
6U5. -
656. -
666. -
680. -
692. -
70U.• -
717. -
730. -
7U3. -
757. -
771- -
78^. -
800. -
616. -
831. -
8U7. -
86U. -

352. 
358. 
365. 
371. 
378. 
385. 
392. 
.399. 
U06. 
Ul3. 
U20. 
U28. 
U35. 
UU3. 
U50. 
U58; 
U66. 
U7U. 
U82. 
U91. 
U99. 
.507. 
516. 
525. 
S3^u 
5U3. 
552. 

.562. 
572. 
581. 
592. 
602. 
612. 
623. 
63U. 
6U5-
656. 
668. 
6B0. 
692. 
70U. 
717. 
730. 
7U3. 
757. 
771. 
786. 
800. 
816. 
831. 
8U7. 
86U. 
881. 

102 
103 
loU 
105 
106 
107 . 
108 
109 • 
no 

, 111 
112 
113 
iiU 
115 
116 
117 
118 : 

• 119 
120 
121 
122 
123 
12U 
125 
126 
127 
12B 
129 
130 
131 
132 
133 
13U 
135 
136 

137 
138 
139 
lUo . 

.. lUi 
1U2 
1U3 
lUli 

• iU5 
1U6 
1U7 
1U8 
1U9 
150 
151 
152 
153 -

/?•.:;• : . , „;:. 

Ah 

881. -
898. -
916. ,-
935. -
9Sh. -
97U. -
99U. •• -

1016. -
. 1038. '.' -

'. 1060. -
108U. -

, 1108.•^-
1133.- -
1160. -
1187. -
1215- -
. 12U5. -
- 1276. -
• 1303. -
13U2. -
1377. -
lUlU. -
1U52. -
1U93. -
1535- -
1580. -
1623. -
1677. -
1730. -. 
178^. -
18U6. -

. 1909. -
1976. - -
20U8. -
2125. -

" 2208. -
2297. -

. 239U. -
.•2U93. -.-
:- 2611. — 
"2735. -
2871.. -
3020. -
3185. -
3%9^. -

• 3575. -
3807. -
U070. -
U372. -
U721. -
.5131. 
5617. 

'- 898. 
,:. 916. 
- 935. 
• 95U-
•'. 97U. 
.^:99U-
1016. 

- 1033. 
1060. 
108U. 

• 1108. 
:ii33. 
1160. 
1187. 
1215. 
12U5. 
1276. 
130s. 
13U2. 
1377. 
lUlU. 
Iii52. 
IU93. 
1535-
1580. 
1628. 
1677. 
1730. 
1786. 
ieU6. 
1909. 
1976. 
20U8. 
2125. 
2208. 
2297. 
239U. 
2U98. 
2611. 
2735. 
2871. 
3020. 
.3185. 
•3369. 
3575. 

-:3B07. 
;U070. 
.U372. 
U72I. 
5131. 
5617:: 

• - - . • • • < , - * . - • • . • - , - • 

v'f:'..yt;-JS .j. 

-.•;6205r;^?7 
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' • ^ 

1 / '^iP-^yyKj-xy.^') 

T 

. 1 

.2 
•3 

. a 

1 
• 2 

• - 3 

.u . 
5 

• .6 •-"-. 
7 -
n 
c c 

2,0 
11 
12 
13 
lU 
15 
16 
17 

^ 18 
19 
20 
21 
22 
23 
2U 
25 • 

:. •• 26 
27 
25 
29 
30 
31 

' 32 
33 
3U -

. 35 
"36 
37 
33 
39 
Uo 
Ul 
U2 

. h3 
UU 

,. -

\ 

Iruier Radius -
Outer Radius -

^ h 

- 17-6 - '3P:5 
30.5 - ' 39.U 

• 39-U - U6.6 
,-:, :U6:̂ v^- .̂,v.52.9 -
-r:;.:^'52;^.,;g&|.;55.5 • 
..;:,'^'50^:ti|e;97.-. .-. 
;-.--^--:.97:-^^S"i26..... 

-•^-ki24^M>'iJ^^^';: . 
TfVv;lU5^:2^.XU70;/: 
^^••-;i76.::^::;r..•t•l89. ' 

-:-a.:':.iS9:V:^:-v.v~2o6.- :̂ 
::̂ i '• :20c; •J.-V- 222." • 
•• .•; . :-222.; 'v^:;"236.: 

:::;::^235;'-.'-.^":"252. •: 
: ' 2 5 2 . . - - 'U'266. 
.. .266'. -"•••280. 

2J!0. - 293. • 
• 293- - - • 306. 

5GS. - ' 318. 
. • 31S. - 330. 

330. - 3U2. 
3U2. - 39x. 

. 35U. - 366. 
366. - 377. 
377. - • 388. 
383 ; - 399. 
399. - UlO. • 
UlC. - U21. 

. U21. - U32. 
, U32. - Uii3. 
-. UU3. - U53. 

. U53. - U6U. 
U6U. - U7U. 

• U7U. - . hB^. 
U85. - U95. • 

• U95. - 505. 
. - 5 0 5 . - 516. 

516. - 526. 
526. • - . 536. ..' 
536. - 5U6. 
5U6. - 556. 
556. - 567. 
567. - 577. . 

- 577. - 5'B7. 
• 587. - 597. 

597. - 607. 
607. - 617. 
617. - 62S. 

• 628 . - 638 . 

y- ' / ' 

55B f e e t 
1280 f e e t 

T 

U5 
• U6 

U7 
U8 
l - i . ' 

50. 
51 • 
52 
53 
9a •> 
55 
56 
5? 
58 

• 59 
60 

• 61 
62 
63 
6U 

66 
67 
68 
69 
70 
71 
72 
73 
7U • 
75 

: 76 
77 
78 

•- 79 -
•80 

81 
82 

• 83 
eu 
85 
•86 
S7 
88" 
89 • 
90 
91 
92 
93 

' 

Corr.'Dartinents -

^ h 

63B. - 6U8. 
6U8. - .658. 
658. - 669. 
669. - 679-
679. - 689. 
689. - 6.99. 
699. - 710. 
710. - 720. . 
720. - 731 . 
731. - ?U1. 
7Ul. - " 752. 
752. - 762. 
762. - 773. 
773. - 7SU.. 
78U. - 79U. 
79U. - 605. 
805. - 816. 
816. - 827. 
827. - 838. 
835. - 6U9. 
eU9. - 660. 
a60. - -571. 
671. - 882. 
682. - 69U. 
69U. - 905. 
905. - 917. 
917. - 9 2 8 . . . 
928. - 9U0. 
9U0. - 952. 
952. - 963. 
963. - 975. 
975. - 987. 
987. - 999. . 

•999. - 1012. 
1012. - 102U. -
102U. - 1036. • 
1036. - 10U9. 
10U9. - 1061. 
1061. - 107U. 
107U. - 1067. 
1087. - 1100. 
1100. - 1113. 
1113. - 1126. 
1126. - l lUo . 
llUO. - 1153. 
1153. - 1167. 
1167. - 1181. 
1181. - 1195. 
1195. - 1209. ; 

/ . . / , ' • ' ; • ' • ' . . 

9 

* 

• 9h 
95 
96 
Q7 
98 ' 
QO 

100 
101 
102 
103 

• loU -
105 
106 
107 
108 •.: 
109.,-
110 
111 
112 
113 
i lU 
115 
116 
117 
113 
119 
120 
121 
122 
123 . 
12U , 
125 
126 . • 
127 
128 
129 
130 
131 ' 
132 
133 
13U 
135 
136 
137 
138 
139 • 
lUO 
lUi • 
1U2 
'4 

^ • • > .V .V •-••; ' ' : 

A h 

1209. - 1223. 
1223. - 1237. -

. ,;- 1237. - " 1252. 
1252. - 1267. 

- 1267. - -1281. 
• 1261 . - ^1296. 

1296. - '1312. 
1312. - 1327. 
1327. - 13U3. 

: , 13U3. - 1356. 
1356. - 137U. 
137U. - 1391-

. 1391. - IU07. 
IU07. - 1U2U. 

; 1U2U. - lUUO.-
lUUo. - • lU57. 
1.U57. - 1U75- -. 

•'•" ;1U75- - IU92. , 
1-U92. - 1510. 
1510. - 1528. 

, 1528. - 15U6. 
15U6. - 1565-

, , 1 5 6 5 . - 158U. 
155U. - 1603. 
1603. - 1622. : 
1622. - I6U2. -: 

. . 16U2. - 1662. : ; 
' 1662. - 1632 . . / 
- : 1682. - 1702. ".••' 

' . . - 1702. - 1723. '•-.' 
•: : 1723. - i7)i!i. . r 

. I7UU. - 1766. ."'̂  
• 1766. - 1788. .V 
,̂ f̂ : : 17S8. - 1810. -='•''. 
'.-.:- 1810. - 1833. ••'-

:• 1833- - '1856. )'.r. 
... . 1256. - 1880. ,.̂ ;:̂  
- . ' 1380. - rl90U. ..-:-
••• I 9 0 U . - - - 1 9 2 8 - . 4 ' 

1928. - 1 9 5 3 - • 
1953. - 1978. 
1978. - 200U. 
200I1. - 2030. ' •' 
2030. - 2057. 

• 2057. - 208U. ••̂ :-
208U.. - 2112. •..̂ '• 
2112. - 21U0. •"̂ iiv 

- 21UO. - 2169- : :% ' 
.-• •'; 2169. -'•••2l98.^-=>^-; 
; •'• V -••.^' .^•. '" '^W'i ' ' --^^^ 

• '• '• •$-•" -"",''"- -• i ' - ' ' ; - •^ - ' - • - • " •••'• •• ' ' • ' ' t i i ^ i v ' 

-i. fV r,:.-^ ' v ^ . •(..•..V •, ' 7'*''f.-><-i'I 
• " ? ' » ' ' • . : ' ? ' • > • • • ' • • . ' ' - ' .'•_•..» • - • • ' i " ' . ' 



v' 
•/ 

•fl T £ih 

I 

P 

"1 

1U3 
ll'U 

iU5 
1U6 
1U7 
i,!ie 
lU9 
150 
151 
152 
153 
i5U 
1;':̂  
i5'̂ ' 
1-57 
15S 
159 
160 
1<1 
162. 
163, 
I6h 
16$'' 
166 
167 
168 
l->9 
170 
171 
172 
173 
17U 
175 
176 
177 
178 
179 
iBo 
18.1 
182 
183 
mh 
185 
1S6 
187 
18.8 
189 
190 
191 
192 
193 
19U 
195 
196 

2198. -
2228. -

2259. -
2291. -

2323- -
2355. -
2389. -
2U23. -
2U5'^. -
2!t9U. -
2^31. -
2569. -
26Q7.,.-
26U7. -
2687- -
272?- -
2772. -
2815. -
2860. -
ZQC/i. -

295U. -
3003. -
3053- -
31C5. "-
3158. '-

3213. •• 
3269- -
3327. -
3338. -
3U50. -
351U. -
3580. -
3^h9. -
3720. -
3793. -
3869. -
39US. -
U030. -
U116. -
U20U. -
U296. -
U392. -
UU92. -

U597. -
U706. -
U820. -

U939. -
506U. -

5l?5. -
5332- -
5U77. -
5630. -
5790. -
5960. -

222B. 

225?. 
2291. 
2323-
23-55. 
238?. 
2U23. 
2U5-?. 
2U9U. 

2531. 
2569. 
2607. 

26U7. 
2687. 
2729. 
2772, 
2815. 
2560. 
2̂ 'G-'. 

295U. 
3003. 
3053. 
3105. 
3158. 
3213. 
3269. 
3327. 
3338. 
3U50. 
35lU. 
3580; 

36U9. 
3720. 
3793. 
3869. 
3-9U3. 
U030. 
U1I6. 
U20U. 
U296. 
U392. 
UU92. 

U-597. 
U706. 
UB20. 
U93?. 
506U. 
5195. 
5332. 
5U77. 
5630. 
5790. 
5960. 
61UO. 

^ 
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•K, 
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[mier Ra:lius - 12S0,fect 

-fli'iLA'p-
• • : - W 

^ . 

1 
in* 

p 
IE 

^ 
^' 

f̂  i 

M 
M 

1̂  '• 2. 
!^ i •UJU 

1 
î  

m 
li 
. 

ISJ 

i 
• 

i 
i.. 

i 1 

1 B 

i 
1 

f 

3 
• _ 

> 

r 
' • ^ 

L 

1 
_ 2 
3 
U 
** 
O 

7 
8 
o 
10 
11 
12 
13 
lh 
15 
Vr, 
17 
18 
19 
20 
21 
22 
23 
2U 
25 
26 
27 
28 
2? 
30 

• 3 1 
32 
33 
3h 
35 
36 
37 
38 
39 
Uo 
Ul 
U2 
U3 
UU 
U5: 

Outer Radiu; 

J^h 

1 26.7 - . U6.2 
.2' U.6.2 - 59-6 
.3 59.6 - 70.6 
.U '70.6'- 80.0 
.5 ; 6Q.0-- - 88.5 

'.'•S8.5----.-.1U6: • 
:lJl̂ ':.••̂ .̂•"̂  l89v 
13? ;• .•-• 22U. 

,'22U:-- ' 255. 
-̂•i-,25'5'. •- '282. 1 

2-82. - 307. 
.307.- •- 331. 

• •-331. - -353. 
353.. - 37U. 
37U. - 39U. 
39U. .- - • Ul3. 
.Ul3. - U31-
U31. - UU9. 
UU9. - "U66. . 

- U66. - US2.. 
U82. - U99. 
U99. - 5lU. 
5lU. - 530. 
530. - 5U5. 
5U5. - 560.-
y'SO. - 57U. 
57U. - S$9 . 
589. - 603-
603. - 616. 
616. - 630. 
630. - 6UU. 
6UU. - 657. 
657. - 670. 
670. - 683. 
683. - 695. 
695. - 708. 
706. - "721. 
721. •- 733. 
733. - 7U5-
7U5. - 757. 
757. - - 769-
769- - 781. 
781. - 793. 
793. - 805. 
805. - 816. 
616. - 828. 
828. .- 839. 
839. - 851. 
851. - 862. 
862. - 873. 

-

J - 2936' 

T 

U6 • 
U7 
U8 
U? 
50 

. 51 
52 
53 
5U 
55 
56 
57 
58 

. 59 
60 
61 
62 
63 
6U 
65 
66 
67 
68 
69 
70 
71 
72 
73 
7U 
75 
76. 
77 
78 
79 
80 
81 
82 
83 
8U 
85 
86 
87 
88 
89 
90 
91 
92 
93 
9U 
95 

feet 

873. 
885. 
•396. 
?07. 
918. 

929. 
?Uo. 

951. 
S'62. 
972. 

9?h. 
1005-
1015. 
1026. 
1036. 
1GL7. 
1057. 
iaS8. 
1078. 
10'39. 
1099. 
1110. 
1120. 
1130. 
llUl. 
1151. 
1161. 
1172. 
1182. 
1192. 
1202. 
1213. 
1223-
1233. 

. 12U3. 
12.53. 
126U. 
127U. 
128U. 
129U. 
130U. 

1315. 
1325. 
1335. 
13U5-
1355. 
130-0. 
1376. 
1386. 

- • • 

Coinpartme7;\ts 

d_h 

- 685. 
- 896. 
- 907. 
- 918. 
- 92?. 
-. 9U0. 
- 951. 
- ?62. 
- 972. 
- 983.' 
- 99U. 
- IC05. 
- 1015. 
- 1026. 
- 1036. 
- 10U7. 
- 1057. 
- 1068. 
- 1076. 
- 105?. 

- 1099. 
- 1110. 
- 1120. 
- 1130. 
- llUl. 

- ii5i. 
- 1161. 
- 1172. 
- 1182. 
- 1192. 
- 1202. 
- 1213. 
- 1223. 
- 1233. 
- 12U3. 
- 1253. 
- 126U. 
- 127U. 
- i2eu. 
- 129U. 
- 130U. 
- 1315. 
- 1325-
- 1335. 
- 13U5. 
- 1355. 
- 1365. 
- 1376. 
- 1386. 
- 1396. 

• ' • - . . • " 

- 8 -

I 
96 
97 
98 
99 
100 
101 
102 
103 
loU 
105 
106 
10? 
103 
10-T 

no 
111 
112 
113 
iiU 
115 
116 
117 
113 
11? 
120 
121 
122 

" 123 
12U 
125 
126 
127 
128 
12? 
130 
131 
132 
133 
13U 
135 
136 
137 
133 
13? 
lUo 
lUl 
1U2 

. 1U3 
. lUl; 
.1U5 

' 

... - " _ V';-

1396. 
IUO6. 
1U16. 
lU26. 
1U37. 
lUi;7-
1U57. 
1U67-
1U77. 
1US8. 
1U?8. 
1508. 
1518. 
1529. • 
1539. 
15U9-

" 1559. 
1570. 
1530. 
1596. 
.1601. 
1611. 
1622. 
16.32". 
I6U2. 

1653. 
1663. 
167U. 
16 8U. 
1695. 
1705. 

.. 1716. 
, 1726. 
1737. 

" •17U7. 
. 1758. 

17.69. 
1779.-

, 1790. 
1801. 
1611. 
1822. 
1833.: 
18UU. 
1855. 
1865. 
1876. 

.. 1887. 
. 1898. 

. ,1909. 

ii'---k^-''. •'• 

-•i^ii-:^;t' 
•-"^•i^i l .u: : : . 

An 

.» 
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_ 

_ 

_ 

.. 

_ 

«, 

« 

.. 

_ 

_ 

— 

. ._ 

_ 

_ 

.. 

_ 

. 

_ 

- ... 

.., 

... 
«. 

„ 

.. 

. 

_ 

.. 

. 

... 

^ 

^ 

.' _ 

_ 

_ 
... 

* 

^' 
• ' _ . 

.. 

_ 

.. 

« 

^ 
_ 

» 

' — 

«. 

-

.'•'•^" 

•*----• 

•• 

IUC6.. 
IUI6. 
1U26. 
1U37. 
1UU7. 
1U57.• 
1U67. • 
1U77. 
luse. . ,* 
1U?8. . ;• 
1508. 
1518. 
152?. 

1539-
15U9-
1559. 
1570. 
1580. 
1590. 
16.01,. . 
1611. 
1622. 
1632. 
I6U2. 

1653- - : 
1663. 
167U. . 
168U. 
1695. .' ' 
1705. :•-
1716. ;••;;• 
1726. '̂ V'-'; 
173?.. " '.::• 
17U7. ... •; t ' 
1758. •••", 
1769. 
177?. ':^i'^ 
1190. "'':-,:. 
iSol. ^•v-S:^^ 
•icii.-- -̂ b̂ -̂  
1822. - ^^i-.-
^ 3 3 . ' - • ' " • ' : : 
18)-);;"-"- ;;'̂  

1655. . a - - ^ ' ^ 
1365- • • \ i 
1876. '--5 
1887. •• ''::^:. 
1898. ^ - . ; -
1 9 0 9 - '•'-''•• : ^ 
19; 

- ' • . . - • ' 

-V 
- ' • • ^ ^ 

fo, - f : ; r | 
'"} i^^^iiM 
•• ; aJ'/.-'if^MW 

:• '•'^••^Sfi 
«̂ "; 



•'/'-̂  ''TT? 7 

1 

lU.6 
1U7 
lUS 
Ik? 
1 5 0 • 
151 
152 
153 
1.5!i 
155 
1:.^ 
157 
158 
15? 
160 
161 
162 
153 
26U 
165 
166 
167 
168 
16? 
170 
171 
172 
173 
17!; 
175 
176 

. 177 
• 173 
179 
180 
181 
182 
183 
lOU 
185 
186 
187 
isa 
189 

• 190 
191 
192 
193 
19U 
195 
196 
197 
198 

-

1920. 
1931. 
19U2. 
1953. 
196U. 
107-
•1-/ t y I9S6. 
1998. 
2009. 
2020. 
2031. 
20U3. 
2'05U. 
2065. 
2077. 
2088. 
2100.. 
2111. 
2123. 
2i3U. 
211^6. 
2158. 
2169. 
2181. 
2193-
2205. 
2217. 
2229. 
22UI. 
2253. 
2265-
2277-
2209. 
2301. 
2313. 
2325. 
2338. 
2350. 
2362. 
2375. 
2387. 
2UOO. 
2U12. 
2U25. 
2U38. 
2U50. 
2U63. 
2U76. 
2U89. 
2502. 
2515. 
2528. 
25Ul. 

A h 

- 1931-
- 19U2. 
- 1953. 
- 19-6^. 
- 1975. 
- 1986. 
- 199S. 
- 2009. • 
- 2020. 
- 2031. • 
- 2OU3. 
- 2,05U. 
.- 2C6S. 
'- 2077. 
~ 2083. . 
- 2100. 
- 2111. 
- 2123. 
- 213U. 
- 21U6. 
- 215.8. 
- 2169. 
- 2181. 
- 2193-
- 2205. 
- 2217. 
- 2229. 
- 22UI. 
- 2253-
- 2265. 
- 2277. 
- 2289. 
- 2301. 
- 2313-
- 2325. 
- 2333. 
- 2350., 
- 2362. 
- 2375. 
- 2387; 
- 2UO0. 
- 2U12. 
- 2U25. 
- 2U38. • 
- 2U50. 
- 2U63. 
- 2U76. 
- 2U89. 
- 2502. 
- 2515. 
- 2528. 
- 25?U. 
- 255U. 

T 

199 
2C0 
201 
202 
203 
20)i 
205 
206 
207 
208 
209 
210 
211 
212 

. 213 
211-
215 
216 
217 
218 
21? 
220 
221 
222 
223 
22U 
225 
226 
227 
228 
229 
230 
231 
232 
233 
23U 
235 
236 
237 
238 
239 
2U0 
2Ul 
2U2 
2U3 
2UU 
2U5 
2U6 
2U7 
2U8 
2U9 
250 
251 

A :•: 

255U. • 
2567- • 
256.0. • 
259U. 

• 260?. • 
262 i. 
263U. • 
26U8. 
2661. . 
2675. • 
265?. . 
2702. 
2'716. • 
2730. 
27UU. • 
2758. • 
2772. • 
2786. 
2801. • 
2815- • 
2629. • 
2Biik. • 
2S58. • 
2873- • 
2888, . 
2902. 

2917. • 
2932. • 
29U7. • 
2962.. 

2977. • 
2992. • 
3008. -
3023. • 
3038. • 
305U. • 
3069. • 
3085. • 
3101. • 
3117. -
3133. • 
•31U9. • 
3165. • 
3181. • 
3197. -
3213- -
3230. -
32U7. • 
3263. -
3280. • 
3297. • 
331U. -
3331. • 

-

- 2567-
- 25-50. 
- 25?U. 
- 2607-
- 2621. 
- 263U. 
- 26ue. 
- 2661. 
- 2675-
- 268?. 
- 2702. 
- 2716. 
- 2730. 
- 27UU. 
- 2756. 
- 2772. 
- 2786. 
- 2801. 

- 262?. 
- 28UU. 
- 285S. 
- 2873. 
- 2888. 
- 2?02. 
- 2917. 
- 2?32. 
- 29U7. 
- 2962. 
- 2977. 
- 2992. 
- 3008. 
- 3023. 
- 303s. • 
- 305)1. 
- 306°. 
- 3085. 
- 3101. 
- 3117. 
- 3133. 
- 3iU^. 
- 3165. 
- 3i'5l. 
- 3197. 
- 3213. 
- 3230. 
- 32U7. 
- 3263-
- 3280. 
- 3297-
- 331U. 
- 3331. 
- 33U8. 

• 

- - ' 

T« 

252 
253 
25U 
255 
256 
257 
258 
25? . 
260 

.261 
262 
263 
26U 
265 
266 
267 
268 
269 
270 
271 
2?2 
273 
27U 
275 
276 
277 
278 
279 
280 
281 
282 
283 
2BU 
285 
286 
287 
288 
289 
290 
291 
292 
293 
29U 
295 
296 
297 
298 
299 
300 
301 
302 
303 
30U 

^ 

33U3. 
3365-
3382. 
3U00. 
3U17-
3U35. 
3li53. 
3U71.' 
3)a89. 
3507. 

. 3525.-
35U3. 
3562. 
3580. 
. 3599-
3617. 
3636. 

. 3655. 
• 367U. 
- 36?U. 
3713:-
3733i 
3752. 
3772. 
3792. 
3312. 
3832. 
3852. 
3873. 
3893. 
391U. 
3935. 
3956. 
3977. 
3999. 
U020. 
U0U2. 
U063. 
U085. 
U107. 
U130. 
IU52. 
U175. 
U197. 
U220. 
U2U3. 
U267. 
U290. 
U31U. 
U333. 
U362. 
U3e6. 
UUlO. 

' " 1 • -•"•'^ 

Si "••;' - . - 2 . ''"••'••' 

• • - ' • - ; . 

- 3>65. 
-- 3382. 
- 3U00. 
- 3U17. 
- 3U35. 
- 3U53-
- 3U71. 
- 3US9. 
- 3507. 
- 3525. -• 
- 35U3.--- -, 
- 3562, 
- 3580.. . •.-• 
- 3599. -
- 3617. -. ~' 
.- 3636. 
.- 3655. 
- 367U. • : 
- 36?U. • . - ' 
- 3713. 
- 3733. 
- 3752. - • 
- 3772. 
- 3792. V 
- 3612. 
- 3832. 
- 3852. 
-• 3S73- - -̂  
- 3893. .-
- 391U. 
- 3935. C ; 
- 3956. 
- 3977. ". ̂  
- -.3999. • "̂̂ '̂ 
- . UO2O. '-"f.>: 
- U0U2. ';:-k: 
- U063. - W 
- U085. "• ••- '^^) 
- U107. -i 
- U13O. ^ 
- U l 5 2 r • • 
- .U175. • / : -
- Ul?7. . i" 
- U220. l c . 
- U2U3. • - >,̂  
- U267. . -: % 
- U290. . ] K 
- • U31U. :,.-: 
- .U33a. • . ;î  
- U362. . '<:: 
- U386. V:n 
- UUlO./:.^=^ 
- UU35. '-ir ' '-M 

'•\ . ^ v i | 

.'•>•;• • I 

'.^mi-



zô iE F 3. ;' 

^ h 

ia 

>m 

-M 

.,s 

305 
305 
307 
308 
309 
310 
311 
312 
313 
31U 
315 
316 
317 
318 
319 
320 
321 
322 
323 
32U 
325 
326 
327 
328 
•329 
330 
331 
332 
333 
33U 
335 
336 
337 
338 
339 
3U0 
3Ul 
3U2 
3U3 
3UU 
3U5 
3U6 
3U7 
3U8 
3U9 
350 
351 
352 
353 
35U 
355 

UU35. 
UU59.' 
UU8U. 
U510. 
U535. 
U560. 
U58^. 
U612. 
U638. 
U665. 
U691. 
U718. 
U7U5. 
U773. 
U80O. 
U828. 

• U856. 
U88U. 
U913. 
U9U2. 
U97I. 
5000-. 
502?. 
5059. 
5089. 
5120. 
5150. 
5181. 
5212. 
52UU. 
5276. 
5308. 
53UO. 
5373. 
5Uo6. 
5U39. 
5U73. 
5507. 
55U1. 
5576. 
5611. 
56U6. 
5682. 
5718. 
5755. 
5791. 
5829. 
5866. 
590U. 
59U3. 
5982. 

- UU59. 
- UU8U. 
- U510. 
- U535. 
- U560. 
- U586. 
- U612. 
- U638. 
- U665. 

.- U691. 
- U718. 
- U7U5. 
- U773. 
- U800. 
- U828. 
- U856. 
- U88U. 
- U913. 
- U9U2. 
- U971. 
- 5000. 
- 56?9. 
- 5059. 
- 5089. 
- 5120. 
- 5150. 
- 5181. 
- 5212. 
- 52UU. 
- 5276. 
- 5308. 
- 53UO. 
- 5373. 
- 5U06. 
- 5U39. 
- 5U73. 
- 5507. 
- 55U1. 
- 5576. 
- 5611. 
- 56U6. 
- 5682. 
- 5718. 
- 5755. 
- 5791. 
- 5829. 
- 5866. 
- 590U. 
- 59U3. 
- 5982. 
- 6021. 

p?i 

^ ^ • s ^ " ^ 

.•..J:'I«.;, ' 

>5' 

" ' • : : : ' • % 
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II 

-.fCJ 

1 
n 
& 

"# *s 
'^*r7* 

>^ 

"1 
.i 
T^ 
M 
fi.-iQ 

11 
,;>.& 

| -

i 

M 
M 

\ 

m ' 

Iw 
•'1 

\r 1 
1 
' 

:1 
jl 

'i 

I, 
.1 
.2 
.3 
.U 

1 . • > 

I 
2 
3 • 
U 
5 
6 
7 
8 
Q 

10 
11 
12 
13 
lU 
15 

17 
13 . 

19 
20 
21 
22 
23 
2U • 

25 
26 
27 
28 
29 
30 
31 
32 
33 
3U 
35 
36 
37 
33 
39 
UO 
Ul 
U2 
U3 
UU 
U5 

Inner Radius 
Outer Radius 

Ah 

57.7 - 99.9 
99.9 - 129.0 

129.0 - 152.6 
• 152.5 - 173.1 
-173.1.'.- • 191.U 

'i 191^ U:V- •;.3i7: 
-:-317.-"- --U10. 
:'"UlO'. •••- U86-.-
U86V - 552. 

-T552-.̂ "̂ -- 611. • 
''••^~6H. -' 665. • 

665. - - 716. 
716. - '76U. 

• 76U. - 809. 
809. - 852. 
852. . - 89U. 
89U. - 933. 
933. - 972. 
972. - 1009. 

• 1009. - 10U5. 
IoU5. - 1081. 
1081. - 1115. 
1115. ~ liU9. 
11U9. - 1182. 
1182. - 121U. 
12lU. - 12U6. 
12U6. - 1277. 
1277. - 1307. 
1307. - 1337. 
1337. - 1367. 
1367. - 1396. 
1396. - 1U25. 
1U25. - 1U5U. 
1U5U.- - 1U82. 
lU82. - 1510. 
1510. - 1538. 
1538. - 1565. 
1565. - 1592. 
1592. - 1619. 
1619. - 16U6. 
16U6. - 1672. 
1672. - 1698. 

• 1698. - 172U. 
172U. - 1750. 
1750. - 1776. 
1776. - 1801. 
1801. - 1826. 
1826. - 1852. 
1852. - 1877. 
1877. - 1901. 

-

-.2936 feet 
- 5018 feet 

T 

U6 
U7-
U8 
h9 
50 
51 
52 
53 
5U. 
55 
56 
57 
58 
59 
60 
61 
62 
63 

. 6U 
65 
66 
67 
68 

• 69 
70 
71 
72 
73 
7U 
75 
76 
77 
78 
79 
80 
61 
82 

• 83 
8U 
85 
86 
87 
83 
89 
90 
91 
92 
93 
9U 
95 

• 
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1901. 
1926. 

1951. 
1975. 
2000. 

202U. 
20U8. 

2073. 
2097. 
2121. 
21UU. 
2168. 
2192. 
2216. 
2239. 
2263. 
2287. 
2310. 

2333. 
2357. 
2380. 

2U0U. 
2U27. 
2U50. 

2U73. 
2U97. 
2520. 

25U3. 
2566. 
2589. 
2613. 

• 2636. 
2659. 
2682.-
2705. 
2728. 

2751. 
2775. 
2798. 
2821. 
28UU. 
2867. 

. 2890. 
291U. 
2937. 
296O. 
2983-
3007. 
3030. 
3053. 

. • . — 

- 1926. 

- 1951. 
- 1975-
- 2000. 
- 202U. • 
- 20U8. 

- 2073. • 
- 2097. " 1 
- 2121. 
- 21UU. 
- 2168. . 
- 2192. 
- 2216. 

- 2239. 
- 2263. 
- 2287. 
- 2310. 

- 2333. 
- 2357. • 
- 2380. 
- 2U0U. 
- 2U27. 
- 2U50. 

- 2U73. 
- 2U97. 
- 2520. 

- 25U3. 
- 2566. 
- 2589. 

-- 2613. 
- 2636. •. 
- 2659. 
- 2682. 
- 2705. • 
- 2728. 

- 2751. 
- 2775. 
- 2798. 
- 282i. 
- 28UU. -
- 2867. 
- 28?0. 

- 291U. 
- 2937. 
- 2960. 
- • 2983. 
- 3007. 
- 3030. 

- 3053. 
- 3077. 

' ^ " i k : : - - . • '• 

I 
96 
97 
98 
99 

100. . 
101 
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-•; l o u 
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106 
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108 
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110 
111' . 
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•113 
llU 
115 
116 
117 
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119 " 
120 
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122 
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-12U 
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126: 
127 
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130 
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132 
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13U 
135 -
136 
137 
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lUo 
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. 1U2 

1U3 
lUU . 
1U5 . 

• . ( . 

. . . :..... Kv 

' . • • . ' ^ i - r - " : ^ . 

• ' l i '• . J • 

Ah 

3077. -
3100. -
312U. -
31U7. -
3171. -

. . 319U. . -
.3218. -
" 32UI. -
'3265. •-
3289. -

; "3313. -
- 3336.- -
:. 3360. . -

; 333U...-
3U08. • -
3U32. • -

- 3U56. ^ 
• 3U80. -

. •3565. -
• 3529. -
3553.- -
3578., -
3602. -

3627.. -
3651. -
3676. -
.3700. -
3725. -
3750. -

. 3775-. -

' ; 3800. -
3825. -

• ' 3850." -
:-3875.-„.-
^^;.3901. . -
•3926.;/-
rT3952. .-
. 3977. -
U003. -. 

J: UO2?.; -

UO55. -
UO8O. --

UIO7. - -
U133- -
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31U7. 
3171.• 
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3218. • 
32U1. • 
3265. 
3289. • 
3313. 
3336. 
3360.- •• 
336U. • 
3U08. • 
3U32. .. 
3U56. : 
3U80. : 
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3529. 
3553. 
3578. 
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3627. 
3651. 
3676. 
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3725. y 
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3825. • . : 
• 3850. :. 
3875. • -"'̂  
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3977. : .-
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. U029. - u 
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U107. --
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- " • • ' ' : • ••• ' . i ' - y 1 
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1U6 
1U7 
1U6 
lU9 
150 
151 
152 
153 
l5U 
155 -
156 
157 
158. 
159 
160 
161 
162 
163 
16U 
165 
166 
167 
168 
169 
170 
171 
172 
173 
17U 
175 
176 
1-77 
178 
179 
180 
181 
182 
183 
leu 
185 
186 
187 
188 
189 
190 
191 
192 
193 
19U 
195 

Ah 

.U3I8. - U3U5. 
U3U5. - U372. , 
U372. - UUOO. 
UUOO, - UU27. 
UU27. - UU5U. 
UU$U. - UU82. 
UU82.. - U509. 
U509. - U53T. 
U537. - h^^^' ' 

-U565. - U593.->-. 
!i$93. - U621. . 
U621; - U6U9. 
U6U9''. - U67&. 
.U673. - U706. 
U706. - U735. 
U735. .- U76U.-
U76U. - U793. 
U793. - W 2 2 . 
U322v - U85l. 
Itl^l. _ U88Q^. . 
U&8d. - U910. 
U9i0- - U939. 
U939. - U969. 
U969. - U999. • 
h999. - 5029. 
5029 i - .5060. 
506O. - 5090. 
5090. - 5121. 
5121. - 5151. 
5151. - 5182. 
5182. - 5213. 
5213. - 52UU. • 
57U)i. - 5276. 
5276. - 5307. 
5307. - 5339. 
5339. - 5371. 
5371. - 5U03. 
5U03. - 5U36.. 
5U:36. - 5U68. 
5U68. . 5501. 
5501. - '553U. 
553U. - 5567. 
5567. - 5600. 
5600. - -5633. 
5633. - 5667. 
5667. - .5701. 
5701. - 5735. 
5735. - 5769. 
^769. - 580U, 
580U. • - 5838. 

, T 

196 
197 
198 
159 
200 

* 

. •\ 

5838, 
5873. 
5908. 
^ ^ 1 V-59UU. 
5979. 

-
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.1 

• 1 

AK 

5873. 
5908. 
59UU. 
5579. 
6015. 

%: 

•'sJ' 
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• 'm -'i r T 

i 
' • • ^ 

,,-Tfe? 
^ 1 • -

•f 
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<,W- •' 
1'-
ll . 
- '1 - -
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! ' l | • 

A 
1\ 

-A' 

t 

13-
'^(V 

fk 
r^ 

•f^'---i 

1 

. 1 

.2 ' 

.3" 
- . .U 

.5-
1 
2 
3 

• • ' • , U 

. . . ^ 

7 
,̂  " B 

9 
-• l b -

• • l i 
' X2 
• 1:3 

lU 
I S 
m 

. 17 
1-3 
1? 
20̂ =' 
21 

.. 22 
23 

: l 2U • 
- • 25 
'-•• 26 : 

. ; • 2 7 
••V>- 2 S 

•^'' 2 9 . 
: V ' 3 a • 
•' ; 3 l 

• ' • . . 3 2 
33 

. ' 3U 
• "" • 3 5 

- % • 

31' 
38 
39 
Uo 
\a 

. U2 
U3 
UU 

' • ' . ' • 

A 

75.U -
- 130.6 -

168.6 -
-19S1.5--: 

-..•.v." :̂:;226,.2-.,̂ -

:--h:2m,u~ 
-::,"-tmi.,::-:..̂  

:ijl53Uv.;,-:. 
•̂  - m i r . . ^ 

.Sli9.- ' -- : . 
• ' " ^ ^ > ? 9 5 . . - • 
• - - v m s . ^ . -

. ' > . 9 3 1 . ^ -
• , ; 9 9 2 , • - - . 

1050. -, -
1105.- - -
1 1 5 6 . ' -
1208. -
1257. -
130U. -
l35Gv - . 
i39U.. '-

mi.. -
^i.U8G. -
1521. -
1561. -
1600, -

. 1639. -
1677. -
171U. -
1751. • -
1787. -

. 1822. , -
• 1857.- ~ 

1892. • -
1926. -
1959. -
1992. -

. 2025- -• 
2057. -
2089. -
2121 . -
2 I 5 2 . -
2183. -
22iU.- -
22UU. -
2275. ~ 

. 23OU. -
233U. -

[_ 

:l 

• 130.6 
- lfe8.6 

199 .5 
• 226.. 2 

- '250.1 
: UiU.. 

?v53t. 
^ • ^ 6 3 3 , • 
i : 1 1 % 

• 7 9 5 . • 
• m e . • 

931 . 
-••• 9 9 2 . 

1050. 
1105. 
1158. • 
12G8,. 

•1257. 
•I30U. 

1350. 
139U. 
IU37. 
iU80. 
1521. 
1561 . 
1600 . 
1639. 

•1677. 
•171U. 
1751 . 
1787. 
1622. 
1857. . 
1892. . 
1926. .. 
1959. 
1992. 
2025. 

^2057. 
2089. ' 
2121 . 
2152. 
2183. 
22iU, 
22UU. 
2275. 
230U. 
233U. ~ 
2363. . 

" 

I 
U5 
U6 

' U7 
U8 
.U9 
50 
51 

•-'52 
53 

.- 5U 
55 
56 
57 . 

'• 58 
59 
60 
61 
62 " 
63 
6U 
65 
66 
67 
68 
69 
70 
71 
72 
73 
7U 
75 -
76 

.. 77 
"78 

79 
80 

. 81 
82 
83 
8U 
.35 
86 
87 
88 
8? 
90 
91 

93 

; • • 

^ h 

2363. 
2393. 
2U22. 
2U5o. 
2U79. 
2507. 
2535. 
2563. 
2591. 
2619. 
26U6. 
2673. 
2701. 
2728, 
275U-
2781. 
2808. 

•283U. 
2860. 
2887. 
2913-
2939. 
2965. 
2990. 
3016. 
30U2. 
3067. 
3092. 
3118. 
31U3. 
3168. 
3193. 
3218. 
32U3. 
3266. 
3292. 
3317. 

•33U2. 
3366 .• 
3391. 
3U15. 
3U39. 
3U6U. 
3Ue8, 
3512. 
3536. 
3566. 
35SU. 
3608. 

, 

" 

— 

-
-
-
-
-
-
-
-

-
-
-
-
-
_ 

-
-
-
-
- . 
_ 

-
-
-
-
-
-

"-
-
-

'.— 
-

-

,.-
-
-
-
-
-
-

-
-

' -
_ 

-
-

— 

F 
— t 

-1' 

2393. 
•2U22. 

2U50. -
2U79. 
2507. • 
2535.. •:•" 
2563.. 
2591.. • 
2619. 
26U6. -
2673. 
2701. ;• 
2728. • 
275U. •• 
2781 . -
2808. 
283U.. 
2860. • 
2887. •• 
2913. 
2939. • • 
2965. 
2990. 
3016. -
30U2. 
3067: -. 
3092. 
3118. -,. 
31U3. • 
316,8. - • 
3193 . 
3218. -. 
32U3-/-' 
3268 . t : : 
3292. .,..• 
3317. • 
33U2. . 
3366. 
3391. -•' 
3Ul5. "^ 
3U39. 
3U6U. 
3U88. 
3512. 
3536. 
3560.. 
358U. 
3608. 
3632. 

-

T •.• 

9U." 
9^ 

-96 
97 

- 98 • 
-99 
1 0 0 -
101 ' 
102 
103 
loU-

' 105 
105 ; 
107 
108 
1-69 

. 110 " 
111 
112' 
113 
l lU " 
115 
116 
117 
118 
119: 
120 
121 
122 

; 123 " 
' 12U-' 
. : . i 25 ' -
..; 126 
- 1 2 7 . 

128 ' 
129 • 

• 130 
• 131 
132 
1 3 3 ' 
13U 
135 
136 
137 
138 
139 
lUo 
•lUi 
1U2 

1 ,^__._ff 

f -

- . • : ' \ , '••" " : ^ " ^ ' • ^ : y : 

• 3632. -.- 3656. ' ": 
- -3656 . - 3680, - -

-";>...36eG. . ."37GU. ••' '. 
• : =̂1 370U. - ;3728. ''- V 
^:/:::'3728. - ' 3751. - : '^-

' " t i ' . 3 7 5 i . - 3 7 7 5 : . i - : 
-•:..iV3775. •̂ ' "3799- -̂ Ĵ î . 
-•-^"••3799. - 3822. •" ;X; 

•vf^-3822. - '38U6,. - 'M 
:;•-••;• 38U6. - ^3870." '^ i^ 
i . : H 3870. : : r .3893. ' r 
• X : ^ m 3 . - .3917. X 
• •";:3917..-. - •39UO. ^ : l • 

• ' •1u39U0. - - 3 9 6 U . . •"-*': 
'^ - 396k, - 3961. -̂ ^ 
-L^^- 3937, - - UOIO.. . H 

- : i : ,}mQ. - U03U.. ;;, -
':;>'Uo3U> - U057. •••::̂  

^>:%'hOSl, - U081. ; 
;-̂ . . > o e i . - UIOU. \i-^-

r - v - U i o U . • - U127. • .-' 
U 2 7 . - U151. 

,;:' l t l 5 l . - U17U. .. ' 
^ 'Ui7U. ' - U197. •.: 
• • , U197. . -• 'U220. t 

: '• ' .: U22O. "--" U2UU. . ^ i 
'̂ ' U2UU. - •U267. ; " 

v-,-î - U267. - - U290. ^ ' v 
i^i^:. U290. - •U313. :•-;:£• 
: ^ | ; , . U 3 1 3 . , - "•U336., M -
i ; > x U 3 3 6 . ,-.- •U360. " W 
; : t . r U 3 6 0 . ; - - U383, :""-;̂ e 
; ;^^v 'U383." ' : - -UUc^. = ^e;-
-> :̂A•:;.UUo6. ;^- u u 2 9 . " - a a 
: i : i ! ;hh29. - UU52.'>'..^X 

%.^:J,Uli52.. - • UU75. •-.̂ •̂ .̂  
-.<•: m s . : - ' UU98, •;^-;| 

H-.-;^UU96.. " - ^U522. ..V-I!; 
^- ' j ;U522. '^-rU0U5v- ' -&l 

^-^•WU5U5.7'^"^U568.;'-=^?| 
; - : ^U568 . . - ' - ^.U591..:^;^^ 
•.-;.U59i.; -:':U61U. - f ' J ? 
•-•• k S l h . : - ^U637. - ' -£% 

- ' U637. " - U660. "-'-M 
• "U660. _ .•li68U... : . ^ 
• .U68U. ^ - 1 7 0 7 . ' - " ^ ^ 

,rU70T. -•fU73Q.v= t ^ 
: - - - , ; U 7 3 0 . - ' . , - ^ \ U 7 5 3 . # . ^ ? 

' U753. - ,U776. ' ;x-/- . 

y> • ' ; ' -T i;v-''̂ '̂ 't-<V(-:;L-';'̂ <. ,if-:' 
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162 
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• 167 
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•' 169 
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172 
173 
17U 
175 
176 
177 
178 
179 
180 
181 
182 
183 
18U • 
185 
186 
187 
188 
189 
190 
191 
192 
193 
19U 

U776. 
U799. 
UB22. 
U8U6. 
U869. 
U892. 
U915. 
U938. 
U962. 
U985. 
5008. 
5031. 

,~. 5055. 
5ĉ 78. 
5101. 
512U. 
5lU8. 
5171. 
519U. 
5218. 
52U1. 
526U. 
5288. 
"5311. 
5335. 

. 5358. 
5382. 
5U05. 
5U29. 
5U52. 
5U76. 
5500. 
5523. 
55U7. 
5570. 
559U. 
5618. 
56U2. 
5665. 
5689. 
5713. 
5737. 
5761. 
5785. 
5809. 
5833. 
5857. 
5881. 
5905. 
5929. 
5953. 
5977. 

- U79?. 
- U822, 
- U8U6. 
- U869. 
- U892. 
- U915. 
- U938. 
- U962. 
- U985. 
- 5008. 
- 5031. 
- 5055. 
- 5078. 
- 5101. 
- 512U. 
- 5lU8. 
- 5171. 
- 519U. 
- 5h8. 
- 52Ui„ 
- 526U. 
-5288. 
- 5311. 
- 5335. 
- 5358. 
- 5382. 
- 5U05. 
- 5U29. 
- 5U52. 
- 5U76. 
- 5500. 
- 5523. 
- 55U7. 
- 5570. 
- 559U. 
- 5618. 
- 56U2. 
- 5665. 
- 5689. 
- 5713. 
- 5737. 
- 5761. 
- 5785. 
- 5809. 
- 5833. 
- 5857. 
- 5881. 
- 5905. 
- 5929. 
•- 5953. 
- 5977. 
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37 
38 
39 
UO 
Ul 
U2 
U3 

A h 

135.8 
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.iU-50.8 

- • 96U'̂  / 
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4lv35." 
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1792. 
1897. 
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2093. 
2185. 
22 7U. 
2360. 
2UUU. 
2525. 
260U. 
2681'. 
2757. 
2831. 
2903. 
297U. 
30UU. 
3113. 
3180. 
32U7. 
3312. 
3377. 
3UU0. 
3503. 
3566. 
3627. 
3688. 
37U8. 
3808. 
.3867. 
3925. 
3983. 
UoUi. 
U096. 
U15U. 
U210. 
U266. 

235.3 
303.8 
359.5 
U07.7 
U5Q.8 

•.7U5. 
: 9-6U. -
11U2... 
1296. 
1U35. 
1563. 
1681. 
1792. 
1897. 
1997. 
2093. 
2185. 
22 7U. 
2360. 
2UUU. 
2525. 
260U. 
2681. 
2757. 
2831. 
2903. 
297U. 
30UU.-
3113. 
3180. 
32U7. 
3312. 
3377. 
3UU0. 
3503. 
3566. 
3627. 
3688. 
37U8. 
3808. 
3867. 
3925. 
3983. 
UoUl. 
U098. 
U15U. 
U210. 
U266. 
U321. 
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50 
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Sh 
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Address: 

If you have any questions, please call 

Telephone: 

Topic of search: 

Searcher: 

Date: 

The attached report is the result of a search of the 
GEOREF database using the Dialog Information Retrieval 
Service. 

GEOREF provides comprehensive access to more than 4,500 
international Journals, plus books, conference papers, 
government publications. dissertations. theses, and 
maps concerned with all aspects of geology, geochemis
try, geophysics. mineralogy, paleontology, petrology, 
and seismology. Approximately 40% of the indexed pub
lications originate in the U.S, and the remainder from 
outside the U.S, Publications of international organiz
ations make up about 7% of GEOREF. 
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Manganese and copper geochemistry of interstitial 
fluids from manganese nodule-rich pelagic sediments of 
the northeastern equatorial Pacific Ocean 

Callender, E.: Bowser, C, d. 
U, 5, Gsol. Surv., Reston. Va.. USA; Univ. Wis.. USA 
Am. d. Sci. 280: 10. 1063-1096p.. 1980 
CODEN: AdSCAP ISSN: 0002-9599 
Subfile: B 

'Couittry of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English , • 
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DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

1251353 84-44617 
Current geophysical exploration on Taiwan 
Fujiwara, C. 
Butsuri-Tanko 37; 2. 34-38p., 1984 
CODEN: BTANAF ISSN: 0521-9191 
Subfile: B 
Country of Publ. dapan 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: Japanese 
Illus.. 5 tables, sketch map 
Descriptors: •'Taiwan ; geophysical surveys: economic 

geology ; surveys; geothermal energy; mineral resources; 
Asia; reset-ves; chemical composition; Tatun geothermal area 
: Chingshui; Lushan geothermal area; Tuchang-Chingshui 
geothermal area; Chipen geothermal area; hot springs; 
thermal waters; production; metal ores; nonmetal deposits 
Section Headings: 26 .(ECONOMIC GEOLOGY, GENERAL & MINING) 

1250709 84-45082 
Geothermal study of Reunion Island; audiomagnetotelluric 

survey 
Benderitter, Y.; Gerard, A, 
Cent. Natl. Rech, Sci., Cent. Rech. Geophys.. Poullly sur 

Loire, FRA; Bur. Rech. Geol. et Miniere. FRA 
dournal of Volcanology and Geothermal Research 20: 3-4, 

311-332p.. 1984 
CODEN; dVGRDO ISSN: 0377-0273 14 REFS. 
Subfile: B 
Country of Publ,: Netherlands 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Illus,, sects,, sketch maps 
In 1979 and 1980, 535 magnetotelluric soundings using a 

frequency range of 1700 Hz-8 Hz were performed on the Island 
of Reunion for geothermal exploration. Favorable geological 
conditions for this method were encountered and the results, 
which were controlled using classical electrical methods on 
test areas, suggest an unusual distribution of resistivities 
for lava flows situated above suspected geothermal areas. 
These layeres progressively decrease in resistivity down to a 
very conductive layer. In areas where these conductive layers, 
were nearest the surface, detailed studies were carried out 
showing a close correlation between decreasing resistivity and 
Increasing hydrothermal alteration. In addition, gradient 
wells reveal high geothermal gradients In such areas. The 
conductive layers revealed by audiomagnetotelluric soundings 
seem to correlate with thermal effects creating progressive 
hydrothermal alteration from an Inferred hot-water reservoir 
up toward the surface.--Modifled journal abstract. 

Descriptors: •Reunion ; geophysical surveys; economic 
geology ; magnetotelluric surveys; geothermal energy; 
Indian Ocean; exploration; audiomagnetotelluric surveys; 
hydrothermal alteration; metasomatism; conductive materials; 
resistivity; interpretation 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1250705 84-4 2905 
Magnetotelluric survey across the active spreading zone in 

Southwest Iceland 
Hersir. G. P.; Bjoernsson. A,; Pedersen, L. B. 
Den. Lab. Geophys., Aarhus, DNK; Natl. Energy Auth.. ISL 
dournal of Volcanology and Geothermal Research 20: 3-4, 

253-265p,. 1984 
CODEN; dVGRDO ISSN: 0377-0273 35 REFS. 
Subfile: B 
Country of Publ.: Netherlands 
Ooc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
11lus.. sketch map 
The results of 10 magnetotelluric soundings, performed along 

a 110-km-long profile crossing the constructive plate boundary 
in Southwest Iceland, are presented. Apparent resistivities 
are interpreted by a horizontally stratified Earth raodel to 
yield a pseudo cross-section along the profile. The 
crust-mantle Interface contains a high-conductivity layer. The 
depth to the good conductor increases with age of the crust 
and the distance from the axial zone. This layer is 
interpreted as partially molten basalt, at a temperature about 
IIOO degrees C and a volume fraction of the melt phase in the 
range 10-20%. The high-conductivity layer probably disappears 
west of the Borgarnes anticlinal axis, which separates the 
older (to the west) and younger (to the east) flood basalts in 
western Iceland. indicating that the temperature below the 
oldest part of the profile lies below the solidus curve of 
basalt. Recent seismic crustal Investigations in the same area 
Indicate a state of partial melting or a magma chamber, which 
agrees with the results of the magnetotelluric 
soundings.--Modifled journal abstract. 

Descriptors: -flceland ; geophysical surveys; 
tectonophysics ; magnetotelluric surveys; plate tectonics; 
southwestern Iceland; Atlantic Ocean; Europe; spreading 
centers; crust; mantle; partial melting; interpretation; 
basalt; basalt family; magmas; resistivity; plate 
boundaries; geothermal energy; exploration; electrical 
propertles 

Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

1250703 84-45236 
Geothermal prospecting by ground radon measurements 
Whitehead, N. E. 
Inst. Nucl. Sci.. Lower Hutt. NZL 
dournal of Volcanology and Geothermal Research 20: 3-4, 

213-229p., 1984 
CODEN: dVGRDO ISSN: 0377-0273 14 REFS. 
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
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illus.. 1 table, sketch maps 
Radon-222 was raeasured using Kodak LR-115 film In the soils 

of 2500 locations near the Ngawha hot springs region. New 
Zealand. which Is being exploited for geothermal power; the 
object was to determine its usefulness for predicting good 
drill sites. Unlike other surveys. which have shown large 
areas with consistent high radon values, anomalies here were 
scattered, and corresponded mainly with fault lineaments. The 
results suggested a major previously unnoticed fault. The 
sampling distance was 50 m. There was a strong seasonal effect 
on ground radon levels, with summer levels about ten times 
higher than winter levels. Swamps usually had measured radon 
levels of near zero because of the slow diffusion of radon In 
stagnant water, and even thermal areas (mainly in the swamps) 
usually had low measured values. However. where a fault 
crossed swamp it was sometimes detected, and with high 
signal/noise ratio. so swamps should be surveyed. The main 
strength of the method In regions with Impermeable soils (such 
as at Ngawha), seems to be in detecting or confirming the 
presence of faults. and possibly (through them) indicating 
geological structure as deep as 300 m.--Modified journal 
abstract. 
Descriptors: +New Zealand; •'isotopes; *radon; *f aults ; 

geophysical surveys; economic geology; distribution ; 
radioactivity surveys; geothermal energy; Rn-222; detection 
; exploration; Australasia; paludal environment; drilling; 
site exploration; lineaments; soils; seasonal variations; 
Ngawha; North Islattd 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1250101 84-43639 
Geophysical studies of active geothermal systems in the 

northern Basin and Range 
Ward. S. H. 
Univ. Utah Res. Inst,, Earth Sci. Lab.. Salt Lake City. UT, 

USA 
The role of heat In the development of energy and mineral 

resources in the northern Basin and Range Province 
Anonymous 
Special Report - Geothermal Resources Council 13, 121-157 

p., 1983 
CODEN: RGRCDd ISSN: 0149-8991 ISBN: 0-9344 12-13-8 182 

REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus.. 4 tables, geol. sketch maps, sect. 
Descriptors: *Basin and Range Province; *se1smology 

geophysical surveys; economic geology; microearthquakes 
heat flow; geothermal energy; epicenters; United States 
northern Basin and Range Province; high temperature 
exploration; teleseismic signals; refraction; reflection 
induced polarization; geophysical methods; P-waves; S-waves 
; velocity; arrival time; gravity surveys; magnetic 
surveys; resIstlvj-ty; magma chambers; Long Valley; Coso 

Hot Springs KGRA; Roosevelt Hot Springs KGRA; 
magnetotelluric surveys; Tuscarora; Beowawe; drilling 

Section Headings: 2 1 .(HYDROGEOLOGY AND HYDROLOGY) 

1250098 84-43197 
Heat flow in the northern Basin and Range Province 
Blackwel1, D. D. 
South. Methodist Univ.. Dep. Geol. Sci., Dallas. TX, USA 
The role of heat in the development of energy and mineral 

resources in the northern Basin and Range Province 
Anoiiymous 
Special Report - Geothermal Resources Council 13. 

81-92p., 1983 
CODEN: RGRCDd ISSN: 0149-8991 ISBN: 0-934412-13-8 49 

REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus,, 3 tables, geol. sketch map 
Descriptors: ''Basin and Range Province; ••ground water ; 

geophysical surveys; economic geology; surveys ; heat flow; 
geothermal energy; United States; northern Basin and Range 
Province; distribution; exploration; models; refraction; 
aqui fers 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

1249614 84-45085 
The structure of the Mokai geothermal field based on 

geophysical observations 
Bibby. H, M,; Dawson, G, B,; Rayner, H. H.; Stagpoole, V. M. 

; Graham. D. d. 
N.Z. Dep. Sci. and Ind. Res,. Geophys. Div., Wellington, NZL 
dournal of Volcanology and Geothermal Research 20: 1-2. 

1-20p.. 1984 
CODEN: dVGRDO ISSN: 0377-0273 23 REFS. 
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., sketch maps 
The Mokal geothermal area, about 25 km northwest of Taupo, 

has only minor thermal manifestations with a natural heat 
output of about 6 MW. In late 1976 a roving dipole resistivity 
survey was made In the area surrounding Mokal Springs. Since 
then an extensive Schlumberger resistivity survey has been 
made using two spacings (nominally 600 m and 1200 m) covering 
an area of about 400 km 2 around the Mokai area. 
Interpretation of all the resistivity data suggests the area 
of Mokal geothermal field below which high temperatures may be 
expected at depth. Is about 12-16 km 2 . Low resistivities 
from soundings within this area Indicate highly conductive 
(saline) geothermal fluids at a depth of about 60 m. although 
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below this the resistivity Increases, suggesting a lowering of 
porosity. The interpretation of resistivity measurements 
suggests a considerable subterranean flow of geothermal fluids 
northward from the Mokal geothermal field, and a further 76 MW 
of heat Is estimated to be carried by springs and seeps Into 
the deeply incised Walpapa Stream. A second low-resistIvlty 
region occurs at the Waikato River, about 12 km north of the 
geothermal field, with an area of 3-4 km 2 . An estimate of 
the total heat output of the Mokal geothermal area is 40O -*- or 
- 160 MW.--Modifled journal abstract. 
Descriptors: *New Zealand; *ground water ; geophysical 

surveys; economic geology; surveys ; electrical surveys; 
geothermal energy; Mokai Field; Australasia; North Island; 
resistivity; Taupo volcanic zone; Mokai Springs; 
Interpretation; thermal waters; Walpapa Stream; movement; 
Waikato River; heat flow; exploration; springs; drilling 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1248552 84-40684 
Gravity and magnetic Interpretation of Newberry Volcano, 

Oregon 
Griscom. A.; Roberts, C. W. 
U. S. Geol. Surv,, USA 
Survey of potential geothermal exploration sites at Newberry 

Volcano, Deschutes County, Oregon 
Priest, G, R.(EDITOR); Vogt. 8. F.(EDITOR); Black. G. 

L.(EDITOR) 
Oreg. Oep. Geol. and Miner. Ind., Portland. OR, USA 
Open File Report - State of Oregon. Department of Geology 

and Mineral Industries 0-83-3, 68-81p., 1983 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Availability: Oreg. Dep. Geol. and Miner. Ind.. Portland, 

OR, United States 
11lus. 
Latitude: N433500: N435000 Longitude: W1211000: W1212000 
Descriptors: •Oregon; *volcanology ; geophysical surveys; 

economic geology; volcanoes ; surveys; geothermal energy; 
Newberry; Deschutes County; United States; gravity surveys; 
magnetic surveys; density; magnetic properties; physical 
properties; cores; gravity anomalies; magnetic anomalies; 
interpretation; airborne methods; geophysical methods; 
explorat ion 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1245318 84-40760 
A search for geothermal energy in east-central New York 

State using seismic methods 
Ml troriovas. W. 
N.Y. State Mus., Albany, NY, USA 
Synposium volume; Petroleum geology and energy resources of 

the northeastern United States 
Friedinan, G. M. (EDITOR) 

Petroleum geology and energy resources of the northeastern 
United States, Troy. NY, United States, Oct. 14. 1983 

Northeastern Geology 5: 3-4. 217-232p., 1983 
ISSN: 0194-1453 29 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. sketch maps. 8 tables 
Latitude: N423000; N433000 Longitude: W0730000; W0743000 
Descriptors: •New York ; economic geology; geophysical 

surveys ; geothermal energy; seismic surveys; United States 
; seismology; east-central New York; exploration; arrays; 
P-waves; S-waves; earthquakes; seismicity; observatioris 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1242456 84-35559 
Geothermal exploration of the Mt. Cayley area, British 

Columbia 
Souther, d. G. 
Geol. Surv. Can.. Vancouver, BC. CAN 
Geological Association of Canada; Mineralogical Association 

of Canada; Canadian Geophysical Union; joint annual meeting 
Geological Association of Canada; Mineralogical Association 

of Canada; Canadian Geophysical Union; joint annual meeting, 
Victoria. BC, Canada. .May 11-13, 1983 
Program with Abstracts - Geological Association of Canada 8 

A63p., 1983 
CODEN: PAACD6 ISSN: 0701-8738 
Subfile; B 
Country of Publ.: Canada 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: *Brit1sh Columbia; *absolute age ; economic 

geology; dates; geophysical surveys ; geothermal energy; 
dacites; electrical surveys; Canada; Mount Cayley; 
exploration; Garibaldi Belt; Pliocene; Neogene; Tertiary; 
Cenozoic; K/Ar; Pleistocene; Quaternary; thermal waters; 
fractures; sulfate Ion; chloride ion; resistivity; 

geothermal gradient; hydrochemistry 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1242455 84-35558 
An overview of geothermal research in the Quaternary 

volcanic belts of Western Canada 
Souther, d. G. 
Geol. Surv. Can., Vancouver, BC, CAN 
Geological Association of Canada; Mineralogical Association 

of Canada; Canadian Geophysical Union; joint annual meeting 
Geological Association of Canada; Mineralogical Association 

of Canada; Canadian Geophysical Union; joint annual meeting, 
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May 11-13, 1983 
- Geological Association of Canada 8 

PUBLICATION Bibliographic 

Victoria, BC, Canada, 
Program with Abstracts 

A63p., 1983 
CODEN: PAACD6 ISSN: 0701-8738 
Subfile; B 
Country of Publ.: Canada 
Doc Type: SERIAL; CONFERENCE 

Level: ANALYTIC 
Languages; English 
Descriptors: •British Columbia ; economic geology 

geothermal energy; Western Canada; Canada; Quaternary 
Cenozoic; volcanic belts; Meager Mountain; resources 
Canadian Cordillera; thermal waters; hot springs 
exploration; Mount Cayley; Garibaldi Belt; resistivity 

Anahim Belt; soils; magnetotelluric 
surveys; geochemistry; hydrochemistry; 
Hoodoo Mountain; Mount Edzlza; Stikine 

geothermal gradient; 
surveys; geophysical 
Mount S1 Iverthrone; 
; Coastal Mountains 
Section Headings: 29 (ECONOMIC GEOLOGY, ENERGY SOURCES) 

Portland, OR, United States, Oct. 24-27, 1983 
Transactions - Geothermal Resources Council 7, 243-246p., 
1983 
ISSN: 0193-5933 25 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus., sketch map 
Descriptors: ''Pacific Coast ; economic geology; 

tectonophysics; geophysical surveys ; geothermal energy; 
plate tectonics; heat flow; United States; Cascade Range; 
subductlon zones; volcanoes; exploration; boreholes; 
volcanism; stratovolcanoes; duan de Fuca Ridge; airborne 
methods; geophysical methods; raagnetic surveys; Curie point 
; Newberry Volcano; Meager Mountain; drilling; Breitenbush 
Hot Spring; Medicine Lake Volcano 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

from the Anahim 

USA 
annual meetIng, 

551-554p., 

PUBLICATION Bibliographic 

1238770 84-33170 
Electrical resistivity survey results 

volcanic belt, B.C. 
Shore, G. A. 
Premier Geophys.. Richmond, BC. CAN 
Geothermal resources; energy on tap! 
Hunt. H. H.(chairperson) 
Eugene Water and Electr. Board, Eugene, OR 
Geothermal Resources Council, 1983 

Portland. OR, United States. Oct. 24-27. 1983 
Transactions - Geothermal Resources Council 7 
1983 
ISSN; 0193-5933 7 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE 

Level: ANALYTIC 
Languages: English 
illus., sketch maps 
Descriptors: •British Columbia ; geophysical surveys 

electrical surveys; Caiiada; Anahim volcanic belt 
resistivity; Quaternary; Cenozoic; volcanic rocks 
exploration; volcanoes; Kostal Lake; hot spots; anomalies 
Blue River; geothermal energy 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

1238728 84-35408 
Geologic framework for geothermal energy in the Cascade 

Range 
Duffield, W. A. 
U. S. Geol. Surv., USA 
Geothermal resources; energy on tap! 
Hunt, H. H.(chairperson) 
Eugene Water and Electr, Board, Eugene, OR. USA 
Geothermal Resources Council, 1983 annual meeting. 

1237803 84-30695 
Discovery and geology of the Desert Peak geothermal field; a 

case history 
Benoit. W, R,; Hiner. d. E.; Forest, R. T. 
Bulletin - Nevada Bureau of Mines and Geology 97, 82p., 
1982 
CODEN: NBMGBR ISSN: 0097-191X 102 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: MAP Bibliographic Level: MONOGRAPHIC 
Languages: English 
illus., tables. sects., strat. cols., block diags., sketch 

maps; 1:62,500; econ. geol. maps 
Descriptors: *Nevada : economic geoli 

energy; Churchill County; United States; 
Desert Peak geothermal field; exploral 

geothermal systems; heat 
geophysical surveys; Hot 

flow; geotherma 
Springs Mountain 

Section Headings: 29 .(ECONOMIC GEOLOGY, 

ogy ; geothermal 
geothermal fields; 
tion; development; 
1 gradient; wel1s; 
s; thermal regime 
ENERGY SOURCES) 

1235720 84-30774 
Heat flow in the vicinity of the Meager volcanic complex, 

southern British Colundsta 
Fairbank. B, D.; Reader, d. F, 
Nevin Sad1ler-Brown Goodbrand. Vancouver, BC, CAN 
Geological Association of Canada; Mineralogical Association 

of Canada; Canadian Geophysical Union; program with abstracts; 
joint annual meeting 
Brown, A, S.(chaIrperson) 
Geological Association of Canada; Mineralogical Association 

of Canada; Canadian Geophysical Union; joint annual meeting, 
Victoria, BC, Canada, May 11-13. 1983 
Prograra with Abstracts - Geological Association of Canada 8 
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A21p., 1983 
CODEN: PAACD6 ISSN: 0701-8738 
Subfile: B 
Country of Publ.; Canada 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: •British Columbia ; economic geology; 

geophysical surveys ; geothermal energy; heat flow; Canada; 
southern British Columbia; Meager Mountain; volcanic rocks; 
thermal conductivity; heat flux; exploration; patterns 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1233693 84-26072 
Heat flow in the Oregon Cascades 
Black. G. L.; Blackwell, D. D.; Steele, d. L 
Oreg. Dep. Geol. and Miner. Ind,, Portland, 

Methodist Univ,, USA 
Geology and geothermal resources of the 

Cascade Range 
Priest, G. R,(EDITOR); Vogt, B, F.(EDITOR) 
Oreg. Dep. Geol. and Miner. Ind., Portland, OR, USA 

Oregon, Department of Geology and Mineral 
69-76p., 1983 

OR. USA; South. 

central Oregon 

Special Paper 
Industries 15, 

ISSN: 0278-3703 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., 1 table, sketch maps 
Descriptors: *Oregon ; geophysical surveys; economic 

geology ; heat flow; geothermal energy; United States; 
Cascade Range; central Cascade Range; Willamette Valley; 
Western Cascade Range; High Cascade Range; gravity anomalies 
; conceptual models; hot springs; mathematical models; 
models; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

Oregon 

1978) 12 

1232651 84-26015 
Self-potential measurements at Newberry Crater, 
Fitterman. D. V.; Grette, R. O, 
Open-File Report (United States Geological Survey, 

p., 1983 
CODEN: XGROAG ISSN: 0196-1497 1 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.; 83-0909 
Availability: U. S. 

West. Distrib. Branch, 
illus., sketch map 
Latitude: N433700; N434500 Longitude: W1210700; W1212300 
Descriptors: •'Oregon ; geophysical surveys; economic 

geology ; electrical surveys; geothermal energy; Deschutes 

Geol. Surv., Open-File Serv. Sect. 
Fed. Cent., Denver, CO, United States 

County; USGS; United States; Newberry Crater; Newberry 
Volanco; Newberry Caldera: self-potentia1 methods: calderas 
; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1228928 84-24113 
Geothermal exploration at Hill Air Force Base, Ogden, Utah 
Glenn, W, E.; Chapman, D, S,; Foley, D.; Capuano, R, M,; 

Sibbett, B. S.; Cole. D.; Ward. 5. H. 
Univ, Utah Res, Inst,. Earth Sci, Lab,, Salt Lake City. UT. 

USA 
The Geological Society of America, Rocky Mountain Section, 

33rd annual meeting 
Ash, S. R.(chaIrperson) 
Geol. Soc. Am., Boulder, CO, USA 
The Geological Society of America, Rocky Mountain Section. 

33rd annual meeting. Ogden, UT, United States, May 16-17, 
1980 
Abstracts with Programs - Geological Society of America 12; 

6, 274p., 1980 
CODEN: GAAPBC ISSN: 0016-7592 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: *Utah ; economic geology; hydrogeology ; 

geothermal energy; thermal waters; United States; Ogden 
exploration; Hill Air Force Base; lineaments; 
photography; Infrared surveys; 
hydrocheroistry; hot springs; 

seismic surveys; normal faults; 
temperature 
Section Headings: 2 1 .(HYDROGEOLOGY AND HYDROLOGY) 

aer ial 
geophysical surveys; soils; 
mixing; aquifers; bedrock; 
faults; Weber River Delta; 

1228003 84 
Geothermal 
dohnson, K 
Cascadia E 
Oregon Geo 
ISSN: 0164 
Subfile: B 
Country of 
Doc Type: 
Languages: 
I 1lus.. 1 
DescrIptor 

geophysical 
heat flow; 
P1locene; 
Quaternary; 
metasomat ism 
geothermal g 

21208 
exploration at Glass Buttes, Oregon 
E. ; C iancanel11, E, V. 

xplor, Corp,, Escondldo, CA, USA 
logy 46: 2, 15-18, 20p., 1984 
-3304 14 REFS. 

Publ.; United States 
SERIAL Bibliographic Le 
EnglIsh 

table, sketch maps 
s: *Oregon ; economic 
surveys ; geothermal 

United States; expl 
Neogene; Tertiary; 
Brothers fault zone; 

Basin and Range Pr 
radient; observations 

vei: ANALYTIC 

geology; hydrogeology; 
energy; thermal waters; 

oration; Glass Buttes; 
Cenozoic; Pleistocene; 
hydrothermal alteration; 

ovince; volcanic rocks; 
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Section Headings: 29 ,(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Geol, Surv,. Open-File Serv. Sect. 
Fed, Cent., Denver, CO. United States 

1227265 84-21078 
Time-domain electromagnetic soundings of Newberry Volcano, 

Deschutes County, Oregon 
Fitterman, D. V. 
U. S. Geol, Surv,, USA 
Open-File Report (United States Geological Survey, 1978) 64 

p., 1983 
CODEN: XGROAG ISSN: 0196-1497 6 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: 83-0832 
Availability: U. S. 

West. Distrib. Branch, 
Illus,. sketch map 
Latitude: N433700; N434500 Longitude: W1210700; W1212300 
Descriptors: •Oregon; •volcanology ; economic geology; 

geophysical surveys; volcanoes ; geothermal energy; 
electromagnetic surveys; Newberry; Deschutes County; USGS; 
United States; Newberry Caldera; time domain analysis; 
exploration; electromagnetic sounding; inverse problem 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1227264 84-21071 
Results and preliminary inversion of loop-loop 

frequency-domain electromagnetic soundings near Medicine Lake, 
CalIfornia 

Frischknecht, F. C ; Raab. P. V.; Bradley, 

USA 
(United States Geological Survey. 1978) 

12 REFS, 

MONOGRAPHIC 

Geol, Surv., Open-File Serv. Sect. 
Fed, Cent.. Denver, CO. United States 

Anderson, W. L.; 
d. A.; Turnross. d. 
U, S. Geol. Surv. 
Open-File Report 

126p.. 1983 
CODEN: XGROAG ISSN: 0196-1497 
Subfile: B 
Country of Publ.: United States 
Ooc Type: SERIAL; REPORT Bibliographic Leve 
Languages: English 
Report No,: 83-0830 
Availability: U, S 

West. Distrib. Branch. 
11lus., sketch map 
Latitude: N413000; N414000 Longitude: W1213000; W12140OO 
Descriptors: •California; *geophys1cal methods ; economic 

geology; geophysical surveys; electromagnetic methods 
geothermal energy; electromagnetic surveys; Interpretation 
Siskiyou County; USGS; United States; Medicine Lake 
frequency sounding: Inverse problem; automatic data 
processing; frequency domain analysis; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

012781 

52 

Geol. Surv., Open-File Serv, Sect. 
Fed. Cent., Denver, CO. United States 

1227262 84-21074 
Schlumberger soundings near Newberry Caldera, Oregon 
Bisdorf, R. d. 
U. S. Geol. Surv. , USA 
Open-File Report (United States Geological Survey. 1978) 

p., 1983 
CODEN: XGROAG ISSN: 0196-1497 9 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages; English 
Report No.: 83-0825 
AvaiIabi 1 Ity: U. S 

West. Distrib. Branch, 
Illus.. sketch map 
Latitude: N43370O; N434500 Longitude: W1210700; WI212300 
Descriptors: •Oregon; •volcanology ; geophysical surveys; 

volcanoes; economic geology ; electrical surveys; Newberry; 
geotherraal energy; Deschutes County; USGS; United States; 
Newberry Caldera: calderas; exploration; electrical 
sounding; Schlumberger methods; thermal waters 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1226261 84-21197 
Geothermal energy development in dapan 
Htrose, Y. 
Min. Int. Trade & Ind.. Agency Natl. Resour. and Energy. 

Tokyo, dPN 
Proceedings of the Sixth annual geothermal conference and 

workshop 
Atlas Corporation. Santa Cruz, CA, USA 
Sixth annual geothermal conference and workshop. Snowbird, 

UT, United States, dune 28-duly 1, 1982 
Proceedings of the Annual Geothermal Conference and Workshop 
6, 6,25 - 6,34p., 1982 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., 3 tables, sketch maps 
Descriptors: •dapan ; economic geology ; geothermal energy 

; Asia; Matsukawa; Tohoku; Ohtake; Kyushu; Hokkaido; 
gravity surveys; geophysical surveys; Curie point; Landsat; 
site exploration; hydrogen sulfide; thermal waters 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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122464 1 84-19435 
Regional geothermal exploration in Egypt 
Morgan. P.; Boulos, F. K,; Swanberg, C. A. 
NASA. Lunar Planet. Inst,, Houston, TX 77058, USA 
39th meeting, European Association of Exploration 

Geophysicists, Zagreb, Yugoslavia, 1977 
Geophysical Prospecting 31: 2, 361-376p.. 1983 
CODEN: GPPRAR ISSN: 0016-8025 23 REFS. 
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: *Egypt; *Red Sea ; geophysical surveys; 

economic geology; hydrogeology ; heat flow; geotherraal 
energy; thermal waters; springs; Africa; geothermal 
gradient; hot springs: temperature; ground water; 
geochemistry; Gulf of Suez; geothermal reservoirs; Eastern 
Desert; Abu Tartur region 

Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGY) 

1221376 01221376 
Thai land 
Fournier, R, 0.(Investigator); Hite, R. d.(1nvestigator); 

Wynn. d. C.(investigator); Swanson, V, E.(InvestIgator); 
McCord, d. R.(InvestIgator) 

Geological Survey Professional Paper 1375, 290-291p., 
1983 
CODEN: XGPPA9 ISSN: 0096-0446 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: +Thalland : economic geology; geophysical 

surveys : geothermal energy; potash; lignite; electrical 
surveys; remote sensing; USGS; Asia; carnallite: halides; 
Khorat Plateau; exploration; models; ground water; 
resistivity; drilling; organic residues; international 
cooperat ion 

Section Headings: 26 .(ECONOMIC GEOLOGY, GENERAL 5 MINING) 

1223405 84-16378 
U. S. Bur. Mines, USA 
Mineral resources of the Cougar Lakes-Mount Aix Study Area, 

Yakima and Lewis counties, Washington 
Simmons, G, C ; Van Noy, R, M,; Zilka, N. T. 
U. S. Geol. Surv., USA 
Geological Survey Bulletin (Washington) 1504, 81p., 

1983 
CODEN: XDIGAS ISSN: 0364-4510 25 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; MAP Bibliographic Level; MONOGRAPHIC 
Languages: English 
Note: Studies related to wilderness-wilderness areas; 

individual chapters are cited separately; supersedes Open-file 
report 74-243, Illus., 2400 anal., 8 tables, sketch maps; 
1:62,500; colored geol. map 
Latitude: N463730; N470000 Longitude: W1210730; W1213000 
Descriptors: •Washington; +m1neral exploration ; economic 

geology; programs ; mineral resources; Yakima County; 
Lewis County; USGS; United States; Cougar Lakes; Mount Aix 

magnetic surveys; geophysical surveys; Eocene; Paleogene 
Tertiary; granites; rhyodacite; andes1te-rhyol1te family 
volcanic rocks; geochemical methods; geological methods; 

metal ores; copper ores; geothermal energy; geologic maps; 
maps; 1ndex raaps 
Section Headings: 26 .(ECONOMIC GEOLOGY. GENERAL & MINING) 

1219996 84-15521 
Application of resistivity surveying to geothermal 

exploration in the Puga Valley, India 
Singh, S- B.; Drolla, R, K,; Sharma, S. R.; Gupta, M, L. 
Natl, Geophys. Res, Inst,, Hyderabad 500 007, IND 
Geoexploration 21: 1, 1-11p,. 1983 
CODEN: GEOXAV ISSN: 0016-7142 6 REFS-
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •India econoraic geology; geophysical 

surveys ; geothermal energy; electrical surveys; dammu and 
Kashmir; resistivity; boreholes; geothermal fields; Asia; 
Puga valley 
Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGY)' 

1218679 84-12851 
Exploration methods and their results in the Humeros de 

Caldera and Derrumbadas areas of northern Puebia, Mexico 
Yanez-Garcia, C ; Garcla-Duran, S. 
Com. Fed, Electricidad, MEX 
International conference on geothermal energy; Vol. I 
Stephens, H. S.(EDITOR); Stapleton, C. A,(EDITOR) 
International conference on geothermal energy, Florence. 

Italy, May 11-14. 1982 
Publ: BHRA Fluid Eng. 
137-148p,. 1982 
11 REFS. 
Subfile: B 
Country of Publ.: United Kingdom 
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Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 
Level: ANALYTIC 

Languages: English 
illus.. sketch map, geol. sketch map, sect. 
Latitude: N185500; N200000 Longitude: W0971000; W0975000 
Descriptors: •Mexico ; geophysical surveys; economic 

geology ; electrical surveys; geothermal energy; anomalies; 
temperature; gases; geothermal reservoirs; North Araerica; 
Puebia; Veracruz; Los Humeros; Los Derrumbadas 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1217516 84-10931 
Subsurface temperature distribution in western 

Czechoslovakia and its mapping for appraising the exploitable 
sources of geothermal energy 
Cermak, V.; Safanda, d. 
Czech. Acad. Sci,, Geophys. Inst., Prague 14131, CSK 
Geothermics and geothermal energy; symposium held during the 

joint general assemblies of EGS and ESC 
Cermak, V.(EDITOR); Haenel, R,(EDITOR) 
Czech, Acad. Sci,, Geophys. Inst., Prague-Spor1lov 14131, 

CSK 
Geothermics and geothermal energy; symposium, Budapest, 

Hungary, Aug. 1980 
Publ: E. Schweizer. Verlagsbuchhandlung (Naegele u. 

ObermI1ler) 
265-270p., 1982 
ISBN: 3-510-65109-X 5 REFS. 
Subfile: B 
Country of Publ.: Germany, Federal Republic of 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus,, 1 table, geol. sketch map 
Latitude: N484000; N510O00 Longitude: E0185000; EO1220OO 
Descriptors: •Czechoslovakia ; economic geology; 

geophysical surveys ; geothermal energy; heat flow; thermal 
conductivity; temperature; depth: Isopleth maps; maps; 
exploration; tectonics; rift zones; sedimentary basins; 
Cretaceous; Mesozoic; Europe; Bohemia-Moravia System; 
Bohemian Massif; Bohemian Basin; Czech Erzgebirge; Czech 
Sudeten Mountains; structural geology; Krusne-Hory rift zone 

Section Headings: 2 1 .(HYDROGEOLOGY AND HYDROLOGY) 

1217513 84-10921 
Geothermal exploration in the hot spring area, 

Baden-Schinznach, Switzerland 
Bodmer, P.; daffe, F.; Rybach, L.; Schneider, d. F.; Tripet, 

d. P.; Vuataz, F.; Werner, D. 
Swiss Fed, Inst, Technol,, Zuerlch, CHE; Univ. Geneva, CHE 
Geothermics and geothermal energy; symposium held during the 

joint general asserrtslies of EGS and ESC 
Cermak, V.(EDITOR); Haenel, R.(EDITOR) 
Czech, Acad. Sci., Geophys. Inst., Prague-Spor11ov 14 131, 

CSK 

Geothermics and geothermal energy; symposium, Budapest, 
Hungary, Aug, 1980 

Publ: E. Schweizer. Verlagsbuchhandlung (Naegele u, 
ObermI1ler) 

241-248p,. 1982 
ISBN: 3-510-65109-X 7 REFS. 
Subfile: B 
Country of Publ.: Gerraany, Federal Republic of 
Ooc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., 1 table, geol. sketch map 
Latitude: N472500; N473500 Longitude: E0082700: E0081O00 
Descriptors: •Switzerland ; hydrogeology; economic geology 

; geophysical surveys ; thermal waters; geothermal energy; 
heat flow: geotherraal fields; hot springs; medicinal 

waters; boreholes; durassic; Mesozoic; faults; 
mathematical models; models; geothermal systems: Swiss dura 
Mountains; Swiss Molasse Basin; springs; ground water; 
stratigraphy; Europe; Baden-Schinznach Basin; thrust planes 
Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGY) 

1214870 84-08477 
Impact of hydrothermally altered soil on vegetation as a 

tool in geothermal exploration 
Camacho, S.; del Rio. L,; Sanchez, L.; Gonzalez, d, 
Univ. Nac. Auton. Mex.. Inst. Geofis., Mexico City, MEX; IBM 

Mex.. MEX 
Sanchez Pena, M.(chairperson); Cook, d. d.(chaIrperson) 
Sixteenth international symposium on remote sensing of 

environment, Buenos Aires. Argentina, dune 2-9, 1982 
Proceedings of the International Symposiura on Remote Sensing 

of Environment 16. Vol. 1. 145-153p.. 1982 
CODEN: PISEDM ISSN: O275-5505 7 REFS. 
Subfile; 8 
Country of Publ.: International 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
11lus,, 1 table 
Latitude: N193500: N194500 Longitude: W0972000: W0973500 
Descriptors; •Mexico; •soils ; economic geology; 

geophysical surveys; surveys ; geothermal energy; reraote 
sensing; vegetation; North America; hydrothermal alteration 
; metasoraatism; materials; Los Humeros Caldera; 
explorat ion 

Section Headings: 29 ,(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1211906 84-084 19 
Lab, Geocienc. e Technol. Azores. PRT 
Preliminary report on audio-magnetotelluric survey on Sao 

Miguel Island, Azores, Portugal 
Hoover, D.; Amaral, R.; Broker. M. 
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U. S, Geol. Surv., Denver, CO, USA 
Open-File Report (United States Geological Survey. 1978) 

1 lip. , 1983 
CODEN: XGROAG ISSN: 0196-1497 13 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT; MAP Bibliographic Level: 

MONOGRAPHIC 
Languages: English 
Report No.: 83-0441 
Availability: U. S. Geol. Surv., Open-File Serv. Sect., 

West, Distrib. Branch, Denver Fed. Cent.. Lakewood, CO, United 
States 

Illus., sketch map; 1:50,000; geophys. surv. maps 
Latitude: N373000; N380OOO Longitude: W0272000; W0280000 
Descriptors: *Azores ; economic geology; geophysical 

surveys ; geothermal energy; magnetotelluric surveys; USGS; 
Atlantic Ocean; Sao Miguel Island; geophysical maps; raaps; 
audiomagnetotelluric raethods; fumaroles; hot springs; 
calderas; International cooperation; exploration; thermal 
waters 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

12 11125 84-08432 
McCoy area, Nevada; geothermal reservoir assessment case 

history, northern Basin and Range; final report; 1 October 
1978 - 30 September 1982 
Pilkington. H. D. 
Amax Explor., Golden. CO, USA 
68p.. 1982 
15 REFS. 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ET/27010-1 
Availability; U. S. Dep. Energy, Div. Energy Technol.. 

United States 
Illus., sketch maps 
Latitude: N393000; N395000 Longitude: Wl173000; W1182000 
Descriptors: *Nevada; •soils; *geocheraistry ; economic 

geology; surveys ; geothermal energy; Churchill County; 
United States; north-central Nevada; Augusta Mountains; 
Clan Alpine Mountains; New Pass Range; exploration; 
geophysical surveys; heat flow; hydrochemlstry; thermal 
waters; magnetic surveys; gravity surveys; electrical 
surveys; seismic surveys; electromagnetic surveys; 
magnetotelluric surveys; Permian; Paleozoic; Pennsylvanian; 
resources 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1209620 84-03784 
Seismic array noise studies at Roosevelt Hot Springs, Utah 

geothermal areadiscussion 
Asten, M. W. 
Broken Hill Pty. Co., BristJane. Old., AUS 

Geophysics 48: 11, 1560p.. 1983 
CODEN: GPYSA7 ISSN; 0016-8033 7 REFS. 
Subfile: B 
Country of Publ.: United States 
Ooc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note: For reference to paper by Douze, E. d., and Laster, S. 

d.. see Geophysics, Vol. 44, p. 1570. 1979. 
Latitude: N38I500; N385000 Longitude; Wl122000; Wl133000 
Descriptors: •Utah; •geophysical methods ; geophysical 

surveys; economic geology; seismic methods ; seismic 
surveys; geothermal energy; Interpretation; Beaver County; 
United States; Roosevelt Hot Springs KGRA; noise; 
exploratIon 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1208069 84-03911 
Geothermal prospecting with Shallo-Temp surveys 
LeSchack, L. A.; Lewis, d. E. 
LeSchack Assoc. Long Key, FL, USA; McGill Univ., Dep. 

Geogr., CAN 
Geophysics 48: 7. 975-996p., 1983 
CODEN: GPYSA7 ISSN: 0016-8033 40 REFS. 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., 5 tables, sketch maps 
The Shallo-Temp survey Is an inexpensive and rapid ''first 

look'' geophysical technique. The technique is based on raaking 
many soil temperature measurements at 2-m depths over a given 
exploration area and correcting these raeasureraents for the 
effects of elevation and surface geologic and meteorologic 
conditions. Corrections for surface conditions are made with 
an ''annual wave correction model.'' The difference between 
the measured and computed 2-m temperature data represents 
effects of geothermal heat flow. A Shallo-Temp residual raap is 
corapared both to a 2-m temperature map for a specific date 
(September, 1977) and to a mean annual 2-m temperature map for 
the Coso known geothermal resource area producing the same 
anomaly pattern In each case. Case studies at Upsal Hogback in 
Nevada, and Animus Valley in • New Mexico support the 
applicability of the Shallo-Temp technique throughout the 
Basin and Range Province. The technique developed Is not 
designed to replace reconnaissance drilling but rather help 
focus standard reconnaissance programs.--Modifled journal 
abstract. 

Descriptors: •California; •Nevada; •New Mexico ; economic 
geology; geophysical surveys ; geothermal energy; heat flow 
; exploration; Coso geotherraal field; Shallo-Temp surveys; 
soils; temperature; United States; temperature surveys; 

applications; Upsal Hogback; Animus Valley; techniques; 
Basin and Range Province; Coso KGRA 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 
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1204552 83-59605 
Thermal Infrared survey of Sunlight Basin, Park County, 

Wyoming 
Vice. D. H.; Crowley, d. P.; Vice, M. A. 
Consult., Billings, MT, USA; Crowley Environ, and Plann. 

Assoc.. CAN 
AAPG Rocky Mountain Section meeting 
Anonymous 
AAPG Rocky Mountain Section meeting, Billings, MT, United 

States, Sept. 18-21, 1983 
AAPG Bulletin 67: 8, 1359p., 1983 
CODEN: AABUD2 ISSN: 0149-1423 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N440000; N450000 Longitude: W1085000; W1103000 
Descriptors: *Wyom1ng ; geophysical surveys; econoraic 

geology; hydrogeology ; reraote sensing; Infrared surveys; 
geotherraal energy; thermal waters; Park County; United 
States; .Sunlight Basin; Sulphur Camp; Rocky Mountains; 
North America; fumaroles; exploration: lineaments; 
airborne raethods; geophysical methods; thermal emission 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1203406 83-59289 
Precision gravity network for monitoring the Lassen 

geothermal system, Northern California 
dachens. R. C ; Saltus, R. W. 
Open-File Report (United States Geological Survey. 1978) 17 

p., 1983 
CODEN: XGROAG ISSN: 0196-1497 10 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT; MAP Bibliographic Level: 

MONOGRAPHIC 
Languages: English 
Report No. : 83-0193 
Availability; U. S. Geol. Surv., Open-File Serv. Sect., 

West. Distrib. Branch, Denver Fed. Cent., Lakewood, CO, United 
States 

1:62,500; gravity surv. map 
Latitude: N402000; N403600 Longitude: W1211100; W1213800 
Descriptors: *California ; economic geology; geophysical 

surveys ; geothermal energy; gravity surveys; Lassen County 
; Shasta County; Plumas County; USGS; United States; 
Northern California; Lassen Volcanic National Park; 
geothermal systems; exploration; networks; monitoring; 
accuracy; gravity survey maps; maps 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1200780 83-55344 
Experience with the EM-60 electromagnetic system for 

geothermal exploration in Nevada 
Wilt, M.; Goldstein. N. E,; Stark, M.; Haught, d. R.; 

Morrison, H. F. 
Lawrence Berkeley Lab.. Earth Sci. Lab.. Berkeley. CA, USA; 

Union Oil Co.. USA 
Geophysics 48: 8, 1090-IIOIp.. 1983 
CODEN: GPYSA7 ISSN: OO16-8033 24 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., sketch raaps 
Descriptors: •Nevada; *geophysical methods ; geophysical 

surveys; economic geology; electromagnetic methods ; 
electromagtietic surveys; geothermal energy; applications; 
Churchill County; Lander County; Pershing County; United 
States; Panther Canyon; Grass Valley; Soda Lakes; McCoy; 
Great Basin; Fallon; Winnemucca; exploration; frequency 
sounding; frequency domain analysis 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1199822 83-55178 
Geophysical exploration for geothermal prospects west of 

Albuquerque, New Mexico 
diracek. G. R.; Gustafson. E. P.; Parker, M. D. 
San Diego State Univ.. San Diego, CA, USA; Law Eng. Test. 

Co., USA 
Albuquerque country II 
Callender, d. F.(EDITOR); Grambllng. d. A.(EDITOR); Wells, 

S. G.(EDITOR) 
Univ. N.M., Dep. Geol., Albuquerque, NM, USA 
New Mexico Geological Society, 33rd annual field conference; 

Albuquerque country II. Albuquerque, NM, United States, 
Nov. 4-6, 1982 

Guidebook - New Mexico Geological Society 33. 333-342p., 
1982 
CODEN: NMGGA5 ISSN: 0077-8567 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus.. sketch maps 
Latitude: N350000; N350000 Longitude: W1060000; W1060000 
Descriptors; •New Mexico ; economic geology; geophysical 

surveys ; geothermal energy; surveys; Bernalillo County; 
United States; central New Mexico; Albuquerque region; 
Basin and Range Province; Llano de Atrlsco region; 
geothermal gradient; resistivity; magnetic surveys; raodels; 
distribution; prediction 
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Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1199428 83-55343 
Deep electromagnetic sounding In central Nevada 
Wilt, M.; Goldstein, N. E.; Haught, d. R.; Morrison, H. F. 
Lawrence Berkeley Lab., Berkeley, CA, USA 
Society of Exploration Geophysicists, 52nd annual meeting 
Society of Exploration Geophysicists, 52nd annual meeting. 

Dallas, TX, United States, Oct. 17-21, 1982 
Geophysics 48: 4, 479p., 1983 
CODEN: GPYSA7 ISSN: 0016-8033 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Latitude: N405000; N410000 Longitude: W1173000; W1174500 
Descriptors: *Nevada ; geophysical surveys; economic 

geology ; electromagnetic surveys: geothermal energy; 
Humboldt County; United States; Winnemucca; Buena Vista 
Valley; electrical conductivity; automatic data processing; 
crust; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1199427 83-55211 
Detection of geothermal microtremors using seismic arrays 
Liaw, A.: Suyenaga, W. 
Arco Oil and Gas, USA 
Society of Exploration Geophysicists, 52nd annual meeting 
Society of Exploration Geophysicists, 52nd annual raeeting, 

Dallas. TX, United States. Oct. 17-21. 1982 
"Geophysics 48: 4. 479p., 1983 
CODEN: GPYSA7 ISSN: 0016-8033 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N381500; N385000 Longitude: Wl122000; Wl 133000 
Descriptors: *Bas1n and Range Province; *Utah; •Nevada 

•geophysical methods; •seismology ; geophysical surveys 
economic geology; seismic methods; microearthquakes 
seismic surveys; geothermal energy; applications 
geothermal systems; Eureka County; Beaver County; United 
States; passive methods; exploration; Beowawe; Roosevelt 
Hot Springs KGRA; arrays 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1199424 83-55172 
Search for geothermal heat sources in the Oregon Cascades by 

means of teleseismic P-resldual technique 
Iyer, H. M.; Rite. A.; Green. S. M. 
Chevron Int. Oil Co., USA; U. S. Geol. Surv., USA 
Society of Exploration Geophysicists, 52nd annual meeting 

Society of Exploration Geophysicists, 52nd annual raeeting. 
Dallas, TX, United States, Oct. 17-21, 1982 
Geophysics 48: 4, 478p., 1983 
CODEN: GPYSA7 ISSN: 0016-8033 
subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Levei: ANALYTIC 
Languages: English 
Latitude: N400000; N510000 Longitude: W120300O; W12300O0 
Descriptors: •Oregon; •geophysical raethods ; econoraic 

geology; geophysical surveys; seisraic raethods ; geotherraal 
energy; heat flow; applications; Clakamas County; Hood 
River County; United States; Cascade Range; heat sources; 
P-waves; teleseismic signals; passive methods; volcanoes; 
Mount Hood; Newberry; crust; upper mantle; mantle; 
velocity structure 

Section Headings; 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1199224 83-55255 
Geotermalna energija novl vid energije u SR SrbIJi 
Geothermal energy; a new type of energy in Serbia 
Paradanin. L.; Dajlc, N. 
Univ. Belgrade, Belgrade, YUG 
Zbornik Radova Rudarsko-Geoloskog Fakulteta, Universitet u 

Beogradu 22. 459-474p., 1980 
CODEN: ZRGFAX ISSN: 0409-0233 7 REFS. 
Subfile: B 
Country of Publ.: Yugoslavia 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: Serbian Summary Languages: English 
Illus., 2 tables, sketch maps 
Descriptors: •Yugoslavia ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; Europe; Serbia; 
Vovodlna region; temperature; pre-Pliocene complex; 
distribution; design; energy conversion; programs; 
exploration; development; methods; utilization; 
applleat ions 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1198872 83-52760 
Review of heat flow in the Southeast United States; tectonic 

Implications 
Costain, d.; Glover, L., Ill 
Va. Polytech. Inst, and State Univ., Blacksburg, VA, USA 
Geological Society of America, 93rd annual meeting 
93rd annual meeting of the Geological Society of America. 

Atlanta. GA. United States. Nov. 17-20. 1980 
Abstracts with Programs - Geological Society of America 12, 
407p., 1980 
CODEN: GAAPBC ISSN: 0016-7592 
Subfile: B 
Country of Publ.: United States 
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Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 
Level: ANALYTIC 

Languages: English 
Descriptors: •Virginia; *North Carolina; •South Carolina; 

•Georgia; *Atlant1c Coastal Plain; •New dersey ; 
tectonophysics ; heat flow; United States; North America; 
Piedmont; New England; temperature; geothermal energy; 
possibilities; southeastern United States; exploration; 
resources; granites; reflection methods; seismic methods; 
seisraic surveys; geophysical surveys; basement 

Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

1198237 83-53480 
Hodel of the geothermal system In southwestern South Dakota 

from gravity and aeromagnetic studies 
Hlldenbrand. T. G.; Kucks, R. P. 
U. S. Geol. Surv., USA 
Abstracts of papers presented at the 52nd annual 

International SEG meeting 
Anonymous 
Society of Exploration Geophysicists, 52nd annual meeting, 

Dallas, TX, United States. Oct. 17-21. 1982 
Geophysics 48: 4, 454p., 1983 
CODEN: GPYSA7 ISSN: 0016-8033 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N431500: N443500 Longitude: W10230OO; W1040500 
Descriptors: •South Dakota ; economic geology; geophysical 

surveys ; geothermal energy; surveys; Custer County; 
United States; Black Hills; gravity anomalies; raagnetic 
anomalies; faults; density; airborne methods; geophysical 
methods; exploration 

Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGY) 

1197282 83-55337 
Exploration of the Okoy geothermal field, Negros, 

Philippines 
Ward, C. W. 
Kingston Reynolds Thom S Allardlce, Auckland, NZL 
Proceedings of the New Zealand geothermal workshop 1980 
Anonymous 
1980 New Zealand geothermal workshop, Auckland, New 

Zealand. Nov. 3-5. 1980 
Publ: Univ. Auckland Geotherra. Inst. 
105-108p., 1980 
ISBN: 0-86869-015-5 14 REFS. 
Subfile: B 
Country of Publ.: New Zealand 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
2 tables, sketch maps 

012787 

Descriptors: •Philippine Islands; *ground water ; economic 
geology; geophysical surveys; surveys ; geothermal energy; 
electrical surveys; Okoy Field; Negros; Asia; exploration 
; resistivity; springs; drilling; chemical composition 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1195335 83-50207 
Inversion results of time-domain electromagnetic soundings 

near Medicine Lake, California, geothermal area 
Anderson, W. L.; Frischknecht, F. C ; Raab. P, V.; Bradley, 

d. A.; Turnross. d,; Buckley, T. W, 
U. S. Geol. Surv,, USA 
Open-File Report (United States Geological Survey, 1978) 31 

p., 1983 
CODEN: XGROAG ISSN: 0196-1497 9 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No,: 83-0233 
Availability: U. S, Geol. Surv,, Open-File Serv. Sect,. 

West, Distrib. Branch. Denver Fed. Cent., Lakewood, CO. United 
States 

illus.. sketch map 
Latitude: N413000; N414000 Longitude: W1213000: W1214000 
Descriptors: •California; •geophysical methods; +automat1c 

data processing ; econoraic geology; geophysical surveys; 
electromagnetic methods ; geotherraal energy: electroraagnetic 
surveys; Interpretation; Siskiyou County; USGS; United 
States; Medicine Lake; exploration; time domain analysis; 
Inverse problem 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1193978 83-50244 
Geothermal resource assessment of Canon City, Colorado area 
Zacharakis. T, G,; Pearl, R. H, 
Resource Series - Colorado Geological Survey, Department of 

Natural Resources, State of Colorado 20, 81p., 1982 
CODEN: RSSSDK ISSN: 0197-7490 47 REFS, 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ET/28365-22 
Availability: Colo. Geol. Surv,, Dep, Nat, Resour., Denver. 

CO. United States 
Illus., 9 tables, geol. sketch maps 
Descriptors: •Colorado ; economic geology ; geotherraal 

energy; Freraont County; United States; Canon City; 
prograras; resources; exploration; possibilities; hot 
springs; geophysical surveys; surveys 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1193959 83-50435 
Introduction 
Priest, G, R, 
Oreg. Dep. Geol. Miner. Ind.. Portland, OR, USA 
Geology and geothermal resources of the Cascades, Oregon 
Priest, G. R.(EDITOR); Vogt. B. F.(EDITOR) 
Oreg. Dep. Geol. Miner. Ind., Portland. OR. USA 
Open File Report - State of Oregon, Departraent of Geology 

and Mineral Industries 0-82-7, 1-4p., 1982 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
1 table, sketch map 
Latitude: N420000: N460000 Longitude: W1210000; W1240000 
Descriptors: •Oregon ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; United States; 
exploration; resources; Cascade Range; central Cascade 
Range 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1192281 83-50352 
Geothermal and dissolved methane resources of the northern 

Gulf of Mexico Basin 
dones, P. H. 
P. H. dones Hydrogeol., Baton Rouge, LA, USA 
The Interstate Oil Compact Commission Committee Bulletin 24 

; 2, 28-51p,. 1982 
CODEN; lOCBAV ISSN; 0020-9732 23 REFS, 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., 2 tables, geol. sketch maps 
Descriptors: •Texas; •Louisiana; •Mississippi; •Gulf of 

Mexico ; economic geology; geophysical surveys ; geothermal 
energy; heat flow; United States; methane; organic 
materials; exploration; resources; P-T conditions 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1192025 83-50246 
Geothermal resource assessment of western San Luis Valley, 

Colorado 
Zacharakis, T. G.; Pearl, R. H. ; Ringrose. C. D. 
Colo. Geol, Surv., Oep. Nat. Resour., Denver. CO. USA 
Resource Series - Colorado Geological Survey, Department of 

Natural Resources, State of Colorado 19, 71p., 1983 
CODEN: RSSSDK ISSN: 0197-7490 75 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.; DOE/ET/28365-25 

Availability: Colo. Geol. Surv., Dep. Nat. Resour.. Denver, 
CO, United States 

illus., 13 tables, geol. sketch maps 
Latitude: N373500; N374000 Longitude: W1O6200O: W1062500 
Descriptors: •Colorado; •geochemistry; •hydrology; •soils ; 

economic geology; geophysical surveys; surveys ; geothermal 
energy; electrical surveys; Rio Grande County; United 
States; Shaw Warra Springs; resources; possibilities; 
temperature: resistivity; western San Luis Valley; thermal 
waters; heat flow; south central Colorado; exploration; 
stratigraphy; tectonics; anomalies; trace elements; 
Ollgocene; Paleogene; Tertiary; Cenozoic; Masonic Park 
Tuff; Fish Canyon Tuff; Carpenter Ridge Tuff 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1192024 83-50229 
Geothermal resource assessment of Hot Sulphur Springs, 

Colorado 
Pearl, R. H.; Zacharakis, T. G.; Ringrose, C. D. 
Colo. Geol. Surv.. Oep. Nat. Resour., Denver, CO, USA 
Resource Series - Colorado Geological Survey, Department of 

Natural Resources, State of Colorado 23, bOp,, 1982 
CODEN: RSSSDK ISSN: 0197-7490 40 REFS. 
Subfile: B 
Country of Publ,: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No,: DOE/ET/28365-23 
Availability: Colo, Geol. Surv., Dep. Nat. Resour.. Denver, 

CO, United States 
illus.. 11 tables, sketch maps 
Latitude: N400500: N401000 Longitude: W1060500; W1061000 
Descriptors: •Colorado; +geochera1stry; •hydrology; •soils ; 

economic geology; geophysical surveys; surveys ; geotherraal 
energy; electrical surveys; Grand County; Morrison 
Formation; Dakota Formation; Benton Formation; Niobrara 
Formation: Pierre Formation; Middle Park Formation; United 
States; Hot Sulphur Springs; resources; possibilities; 
temperature; resistivity: Middle Park; thermal waters; 
heat flow; western Colorado; exploration; stratigraphy; 
tectonics: trace elements; anomalies; Tertiary; Cenozoic; 
Cretaceous; Mesozoic 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1192023 83-50230 
Geothermal resource assessment of the Steamboat-Routt Hot 

Springs area, Colorado 
Pearl. R. H.; Zacharakis. T. G.; Ringrose, C. 0. 
Colo. Geol. Surv., Dep. Nat. Resour.. Denver, CO, USA 
Resource Series - Colorado Geological Survey, Departraent of 

Natural Resources, State of Colorado 22, 86p., 1983 
CODEN: RSSSDK ISSN: 0197-7490 55 REFS. 
Subfile: B 
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States 
B1b11ographIc Leve1 MONOGRAPHIC 

Dep. Nat. Resour., Denver, 

Country of Publ.: United 
Doc Type: SERIAL; REPORT 
Languages: English 
Report No.: DOE/ET/28365-24 
Availability: Colo. Geol. Surv. 

CO, United States 
i1lus.. 20 tables 
Latitude: N402500; N403000 Longitude: W1065000; W1065500 
Descriptors: •Colorado; •geochemistry; •hydrology; •soils ; 

economic geology; geophysical surveys; surveys ; geothermal 
energy; electrical surveys; Routt County; Brown Park 
Forraation; Mancos Shale; Niobrara Formation; Benton Shale; 
Dakota Formation; Morrison Formation; Chinle Formation; 
Chugwater Forraation; United States; Routt Hot Springs; 
Steamboat Springs; resources; possibilities; temperature; 
resistivity; thermal waters; heat flow; northwestern 
Colorado; exploration; stratigraphy; tectonics; anomalies; 
trace elements; Quaternary; Cenozoic; Tertiary; 

Cretaceous; Mesozoic 
Section Headings: 29 (ECONOMIC GEOLOGY, ENERGY SOURCES) 

Nat. Resour., Denver, CO, USA 
Colorado Geological Survey 21, 

25 REFS. 

Murrey. D. G. 
Colo, Geol. Surv., Dep 
Spec1 a 1 Pub Iication 

1lp.. 1982 
CODEN: CGSSA6 ISSN: 0099-6459 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level 
Languages: English 
Report No.: DOE/ET/28365-21 
Availability: Colo. Geol. Surv., Dep. Nat. Resour, 

CO. United States 
illus., 1 table, geol. sketch maps 
Latitude: N402500; N403000 Longitude: WI065000; W1065500 
Descriptors: •Colorado; •geochemistry; •soils; •helium ; 

economic geology; geophysical surveys; surveys ; geothermal 
energy: heat flow; Routt County: Dakota Forraation; United 
States; temperature: Steamboat Springs; exploration; 
resources; possibilities; tectonics; faults: Cretaceous; 
Mesozoic 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

MONOGRAPHIC 

Denver, 

1192021 83-50226 
Geothermal resource assessment of Hartsel, Colorado 
McCarthy, K, P.; Zacharakis, T. G.; Pearl, R, H. 
Colo. Geol. Surv., Dep. Nat. Resour., Denver. CO, USA 
Resource Series - Colorado Geological Survey, Department of 

Natural Resources, State of Colorado 19, 86p., 1982 
CODEN: RSSSDK ISSN: 0197-7490 55 REFS. 
Subfile: B 
Country of Publ,: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ET/28365-19 
Availability: Colo. Geol. Surv., Dep, Nat. Resour., Denver. 

CO, United States 
Illus.. 20 tables, geol. sketch maps 
Latitude: N39OOO0; N390500 Longitude: W1054500; W1055000 
Descriptors: •Colorado; •geochemistry; •hydrology; •soils ;" 

economic geology; geophysical surveys: surveys ; geothermal 
energy; electrical surveys; Park County; Morrison Formation 
; Maroon Forraation; Garo Formation; Dakota Formation; 
Benton Formation; Niobrara Formation; Pierre Formation; 
United States; Hartsel Hot Springs; resources; 
possibilities; temperature; resistivity; Hartsel; thermal 
waters; heat flow; central Colorado; exploration; 
stratigraphy: tectonics; anomalies; trace eleraents; 
durassic; Mesozoic; faults; Perraian; Paleozoic; 
Cretaceous 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1192020 83-50225 
U. S. Geol. Surv., USA 
Helium and ground temperature surveys at Steamboat Springs, 

Colorado 
McCarthy, K. P.; Been, d.; Reimer, G. M.; Bowles, C. G.; 

1191400 83-50245 
Geothermal resource assessment of Ranger Warm Spring, 

Colorado 
Zacharakis, T. G.; Pearl, R. H.; Ringrose, C. D. 
Colo. Geol. Surv.. Dep. Nat. Resour., Denver, CO, USA 
Resource Series - Colorado Geological Survey. Department of 

65p. 1983 Natural Resources, State of Colorado 24, 
CODEN: RSSSDK ISSN: 0197-7490 38 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ET/28365-26 
Availability; Colo. Geol. Surv.. Dep. Nat. Resour,, Denver. 

CO. United States 
Illus.. 16 tables, sketch maps 
Latitude: N385000; N385500 Longitude: W1074000: W1075000 
Descriptors: •Colorado; *geochemistry; •hydrology; •soils ; 

economic geology; geophysical surveys; surveys ; geothermal 
energy; electrical surveys; Gunnison County; United States; 
Ranger Warra Springs; resources 
; resistivity; Cement Creek 
western Colorado; exploration 
anomalies; trace elements 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

possibilities; temperature 
thermal waters; heat flow; 
stratigraphy; tectonics; 

1 191399 83-50227 
Geothermal resource assessment of the Animas Valley, 

Colorado 
McCarthy, K. P.; Zacharakis. T. G.: Ringrose. C. D. 
Colo. Geol. Surv. Dep. Nat. Resour., Denver, CO, USA 
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Resource Series - Colorado Geological Survey. Departraent of 
Natural Resources, State of Colorado 17, 60p-. 1982 

CODEN: RSSSDK ISSN: 0197-7490 63 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ET/28365-18 
Availability: Colo. Geol. Surv., Dep, Nat, Resour,, Denver, 

CO. United States 
illus., 9 tables, sects., sketch maps 
Latitude: N371500; N372000 Longitude: W1074500; W1075000 
Descriptors: •Colorado: •geochemistry; •hydrology; •soils ; 

economic geology; geophysical surveys; surveys ; geothermal 
energy; electrical surveys; La Plata County; San dose 
Formation; Animas Forraation; McDermott Formation; Kirkland 
Shale; Fruitland Formation; Lewis Shale; Cliff House 
Sandstone: United States; Plnkerton Springs 
Trlpp-TrImble-Stratten Springs; resources; possibilities 
temperature; resistivity; Animas Valley; thermal waters 
heat flow; southwestern Colorado: stratigraphy; exploration 
; tectonics; anomalies; trace eleraents; Tertiary; 
Cenozoic; Cretaceous; Mesozoic; Pictured Cliffs Sands 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1185328 83-40722 
Canadian geothermal research program 
Souther, d. G. 
Geol. Surv. Can,, Vancouver, BC. CAN 
Energy resources of the Pacific region 
Halbouty, M. T.(EDITOR) 
Symposium on energy resources of the Pacific region. 

Honolulu, HI, United States, duly 30-Aug. 4. 1978 
AAPG Studies In Geology 12. 39l-400p., 1981 
ISSN: 0271-8510 ISBN: 0-89181-016-1 25 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. 3 tables, sects., geol. sketch maps 
Descriptors: ^Canada; •British Columbia ; economic geology 
; geotherraal energy; exploration: research; programs: 

Meager Mountain; hot springs; geophysical surveys; 
electrical surveys; seismic surveys; magnetotelluric surveys 
; self-potential methods; resistivity; geothermal gradient; 
Winnipeg Sandstone; aquifers; thermal waters; volcanism; 

volcanoes; possibilities; chemical composition; rhyolite; 
andes1te-rhyol1te family; domes; folds; current research 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1185311 83-40592 
Exploration and development of geothermal resources in 

Taiwan 
Ke-Kong Hwang; Weng-Tse Cheng 
Ind. Technol. Res. Inst,, Min, Res, Serv. Org.. Taipei, TWN 
Energy resources of the Pacific region 
Halbouty, M, T,(EDITOR) 
Symposiura on energy resources of the Pacific region, 

Honolulu, HI, United States, duly 30-Aug. 4, 1978 
AAPG Studies in Geology 12. 215-221p., 1981 
ISSN: 0271-8510 ISBN: 0-89181-016-1 4 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. 4 tables, sect., geol. sketch maps 
Descriptors: •Taiwan; •ground water ; economic geology; 

surveys; geophysical surveys ; geothermal energy; 
electrical surveys; Asia; exploration; development; hot 
springs; Tatun region; wells: Tuchang region; Chingshui 
region: Lushan region; volcanoes; distribution; Cenozoic; 
Phanerozoic; chemical composition; temperature; sodium 

bicarbonate; resistivity 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1185294 83-40521 
Geothermal development In El Salvador 
Cuellar, G. 
Com. Ejec. Hidroelec, Rio Lempa, San Salvador, SLV 
Energy resources of the Pacific region 
Halbouty. M. T.(EDITOR) 
Symposium on energy resources of the Pacific region, 

Honolulu, HI. United States, duly 30-Aug. 4, 1978 
AAPG Studies in Geology 12, 21-25p,, 1981 
ISSN: 0271-8510 ISBN: 0-89181-016-1 3 REFS, 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
1 table 
Descriptors: ^El Salvador; +ground water ; economic geology 

; surveys; geophysical surveys ; geothermal energy; 
electrical surveys; Central America; Ahuachapan Field; 
progress report; exploration; grabens; Cerro Laguna 
volcanic group: basins; hot springs; thermal waters; 
artificial recharge; wells; programs; temperature; 
movement; Berlin region; Chlnameca region; San Vicente 
region; Lempa region; fumaroles; resistivity; heat flow 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1182367 83-40745 
Conclusions and recommendations for phase-two geophysics, 

hydrology, exploratory drilling, and geochemistry at Pilgrim 
Springs, Alaska 

Turner, D. L.; Forbes, R. B.; Osterkamp, T. E.; Wescott. E. 
M.; Kienle, d. 

A geological and geophysical study of the geothermal energy 
potential of Pilgrim Springs, Alaska 

Turner, D. L.(EDITOR); Forbes. R. B.(EDITOR) 
UAGR (Geophysical Institute, University of Alaska) 27 1, 

157-165p., 1980 
CODEN: AUGGAK ISSN: 0271-4892 1 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Availability: U. S. Dep. Energy, Washington, DC, United 

States 
sketch map 
Descriptors: •'Alaska ; geophysical surveys; economic 

geology ; surveys; geothermal energy; United States; 
Pilgrim Springs; hydrology; exploration; geochemistry; 
resources 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1182366 83-40669 
A reconnaissance study of the hydrothermal characteristics 

and accessible power of Pilgrim Springs, Alaska 
Osterkamp. T. E.; Goslnk, d. P.; Forbes, R, B-; Gaffi. R. G. 

; Hanscom, d. T,; Kane, M, L, 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner. D. L.(EDITOR); Forbes, R. B.(EDITOR) 
UAGR (Geophysical Institute. University of Alaska) 27 1, 

113-156p., 1980 
CODEN: AUGGAK ISSN: 0271-4892 4 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Availability: U. S. Dep. Energy, Washington, DC, United 

States 
illus., 1 tables, sketch maps 
Descriptors: •Alaska; *hydrology ; geophysical surveys; 

economic geology; surveys ; electrical surveys; geothermal 
energy; United States; Pilgrim Springs: electrical 
conductivity; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1182365 83-40571 
Water and heat flow measurements and their relationship to 

power estimates at Pilgrim Springs 
Harrison, W.; Hawkins. D. 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner, O. L.(EDITOR); Forbes. R. B.(EDITOR) 
UAGR (Geophysical Institute, University of Alaska) 271, 

101-112p., 1980 
CODEN: AUGGAK ISSN: 0271-4892 1 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL; REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Availability: U. S. Dep. Energy, Washington, DC, United 

States 
illus., 2 tables, sketch map 
Descriptors: *Alaska : economic geology; geophysical 

surveys ; geothermal energy; heat flow; United States; 
Pilgrim Springs; teraperature; exploration; boreholes 

Section Headings: 29 .{ECONOMIC GEOLOGY. ENERGY SOURCES) 

1182364 83-40770 
Electrical resisitivity survey of the Pilgrim Springs 

geothermal area, Alaska 
Wescott, E. M.; Sydora, R.: Peace, d.; Lockhart, A. 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner, D. L.(EDITOR); Forbes. R. B.(EDITOR) 
UAGR (Geophysical Institute, University of Alaska) 27 1, 

81- lOOp.. 1980 
CODEN: AUGGAK ISSN: 027 1-4892 3 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level; ANALYTIC 
Languages: English 
Availability: U. S. Dep. Energy. Washington, DC, United 

States 
11lus. 
Descriptors: •Alaska ; geophysical surveys; econoraic 

geology ; electrical surveys; geotherraal energy; United 
States; resistivity; Pilgrim Springs; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1182363 83-40595 
Gravity survey of the Pilgrim Springs geothermal area, 

Alaska 
Kienle, d.; Lockhart, A. 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner, D. L.(EDITOR); Forbes, R. B.(EDITOR) 
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UAGR (Geophysical Institute. University of Alaska) 271, 
73-79p., I980 
CODEN: AUGGAK ISSN: 0271-4892 3 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Availability: U. S. Dep. Energy, Washington, DC, United 

States 
Illus.. sketch map 
Descriptors: *Alaska ; geophysical surveys; economic 

geology ; gravity surveys; geothermal energy; United States 
; Pilgrim Springs; basement; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1182362 83-40596 
Seismic refraction survey of the Pilgrim Springs geothermal 

area, Alaska 
Kienle, d.; Lockhart, A,; Peace, d. 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner, 0, L.(EDITOR); Forbes, R. B.(EDITOR) 
UAGR (Geophysical Institute, University of Alaska) 271, 

53-72p.. 1980 
CODEN: AUGGAK ISSN: 0271-4892 3 REFS, 
Subf ile; B 
Country of Publ.: United States 
Doc Type: SERIAL: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Availability: U. S. Dep. Energy. Washington. DC, United 

States 
11lus., sketch map 
Descriptors: •Alaska ; geophysical surveys; economic 

geology ; seismic surveys; geothermal energy; United States 
; Pilgrim Springs; exploration; basement; tectonics; 
Tertiary; Cenozoic 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1182359 83-40601 
Surficial geology and test drilling at Pilgrim Springs, 

Alaska 
Kline, d, T.; Reger, R. 0,; McFarlane,, R, M.; Williams, T. 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner, D. L.(EDITOR); Forbes, R. 8.(EDITOR) 
UAGR (Geophysical Institute. University of Alaska) 271, 

21-28p., 1980 
CODEN: AUGGAK ISSN; 0271-4892 1 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Availability; U. S. Dep. Energy, Washington. DC. United 

States 
sketch map 

Descriptors: •Alaska; +geomorphology ; econoraic geology; 
geophysical surveys: landform description ; geothermal 
energy; electrical surveys; surficial geology: United 
States; Pilgrim Springs; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1182357 83-40456 
A geological and geophysical study of the geothermal energy 

potential of Pilgrim Springs, Alaska 
Turner, D, L,(EDITOR); Forbes, R. B,(EDITOR) 
UAGR (Geophysical Institute. University of Alaska) 271, 

165p., 1980 
CODEN: AUGGAK ISSN: 0271-4892 
Subfile: B 
Country of Publ,; United States 
Doc Type: SERIAL; REPORT; MAP Bibliographic Level: 

MONOGRAPHIC 
Languages: English 
Availability: U. S. Dep. Energy. Washington. DC, United 

States 
Note: Individual papers are cited separately; prepared for 

U. S. Dep. Energy and Alaska, Div. Energy and Power Dev., 
Illus., geol. sketch maps; 1:63.360; geol. map 
Latitude: N650000: N651500 Longitude: W1643000; W1650500 
Descriptors: •Alaska ; economic geology; geophysical 

surveys ; geothermal energy; surveys; United States; 
Pilgrim Springs; resources; possibilities; exploration; 
geologic maps; raaps 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1180816 83-40454 
The upper Centennial Valley, Beaverhead and Madison 

counties, Montana; an investigation of resources utilizing 
geological, geophysical, hydrochemical and geothermal methods 

Sonderegger, d. L.; Schofleld, d. D.; Berg, R. B.; Mannick, 
M. L, 

Memoir - State of Montana, Bureau of Mines and Geology 50, 
53p.. 1982 
CODEN: MBGMA3 ISSN: 0077-1120 68 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: MAP Bibliographic Level: MONOGRAPHIC 
Languages: English 
Note: Individual paper is cited separately. illus., geol, 

sketch maps; 1:62,500; colored geol, raap 
Latitude: N443500: N44450O Longitude; W1113000; W1120000 
Descriptors: •Montana; •ground water ; econoraic geology; 

geophysical surveys; surveys ; geothermal energy; Madison 
County; Beaverhead County; Madison Group; United States; 
Centennial Valley; possibilities; resources; utilization; 
exploration; Wolf Creek Hot Spring; Mississippian; 
Paleozoic: Precarabrian; petrology; Gravelly Range; Henrys 
Lake Mountains; Phanerozoic; Mesozoic; Cenozoic; 
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paleogeography; gravity surveys; magnetic surveys; springs; 
tectonics; Centennial Fault; Odel1 Creek Fault; aquifers; 
geochemistry; geologic maps: maps; site locations raaps 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1180284 83-32848 
Audiomagnetotelluric measurements in Iceland 
depsen, d. B.; Pedersen, C. B.; Hersir, G. P.; Bjornsson, A. 
Natl. Energy Auth., Reykjavik 108, ISL 
Technical programme and abstracts of papers/European 

Association of Exploration Geophysicists, 43rd meeting 
Anonymous 
43rd raeeting. European Association of Exploration 

Geophysicists, Venice, Italy, May 26-29, 1981 
Publ: European Assoc. Explor, Geophysicists 
40p,, 198 1 
Subfile: B 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level : ANALYTIC 
Languages: English 
Descriptors: •Iceland ; geophysical surveys; econoraic 

geology ; raagnetotelluric surveys; geothermal energy; 
geothermal fields; high temperature; Atlantic Ocean; Europe 

Section Headings: 20 ,(GEOPHYSICS, APPLIED) 

1180107 83-34419 
Geology and mineral resources of 18 BLM wilderness study 

areas, Harney and Malheur counties, Oregon 
Gray, d. d.; Peterson, N. N.; Clayton, J.; Baxter, G. 
Oreg. Dep. Geol. Miner. Ind.. Portland, OR, USA 
Open File Report - State of Oregon, Department of Geology 

and Mineral Industries 0-83-2, 106p,, 1983 
130 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: Oreg., Dep. Geol. and Miner. Ind., United 

States 
Note: Maps and raw data on microfiche, Illus., 17 tables, 

geol. sketch maps 
Descriptors: •Oregon ; economic geology; geophysical 

surveys ; mineral resources: surveys; Harney County; 
Malheur County; United States; petroleum; natural gas; 
geothermal energy; metal ores; possibilities; resources; 
mineral exploration; exploration; sediments; soils; 
geochemical methods; Owyhee Reservoir region; tectonics; 
Trout Creek region; Pueblo Mountains region; Steens Mountain 
region 
Section Headings: 26 .(ECONOMIC GEOLOGY. GENERAL » MINING) 

1179993 83-34980 
Interpretation of geophysical data from the Colado KGRA, 

Pershing County, Nevada 
Mackelprang, C. E, 
27p,, 1982 
12 REFS. 
Subfile: B 
Doc Type; REPORT; MAP Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ID/12079-58 
Availability: U, S. Oep. Energy, Washington, DC, United 

States 
Note: Univ, Utah Res, Inst,, Earth Sci, Lab., Salt Lake 

City, UT. illus,, geol, sketch maps; 1:24,000; geol. raaps 
Latitude: N400500; N401000 Longitude: W1182500; Wl183000 
Descriptors: •Nevada ; economic geology; geophysical 

surveys ; geotherraal energy; surveys; Pershing County; 
United States; Colado; Interpretation; gravity surveys; 
electrical surveys; raagnetic surveys; boreholes; 
exploration; Basin and Range Province; geologic maps; maps 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1179378 83-35135 
Preliminary regional gravimetric study of Los-Humeros 

geothermal volcanic area 
Gonzalez-Moran, T. 
UNAM. Mexico 20. MEX 
Technical programme and abstracts of papers/European 

Association of Exploration Geophysicists, 43rd meeting 
Anonymous 
43rd meeting. European Association of Exploration 

Geophysicists, Venice, Italy. May 26-29, 1981 
Publ: European Assoc. Explor. Geophysicists 
35p., 1981 
Subfile: B 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English ' 
Descriptors: •Mexico : geophysical surveys; economic 

geology ; gravity surveys; geothermal energy; residual 
anomalies; volcanic belts; North America; Los Humeros; 
Transmexican volcanic belt 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1175784 83-35322 
Vozmozhnyye petrogeotermlcheskiye resursy noveyshego 

vulkanicheskogo poyasa Armyanskoy SSR i nekotoryye problemy 
Ikh polskov 1 izucheniya 
Possible petrogeothermal resources In a recent volcanic belt 

of Armenia and some problems in their study and exploration 
ShirInyan, K, G. 
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Akad. nauk Armyan, SSR, Inst, geol, nauk. Yerevan, SUN 
Izvestiya Akademiy Nauk Armyanskoy SSR. NaukI o Zemle 33: 3 

36-^46p, , 1980 
CODEN: lAAZAT ISSN: 0515-961X 28 REFS. 
Subfile: B 
Country of Publ.: Union of Soviet Socialist Republics 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: Russian Summary Languages: English 
Latitude: N373000; N450000 Longitude: E0500000; E0400000 
Descriptors: •USSR ; economic geology; tectonophysics; 

geophysical surveys ; geotherraal energy; plate tectonics: 
heat flow; Arraenia; Lesser Caucasus; Transcaucasia; 
Pliocene; Neogene; Tertiary; Cenozoic; Quaternary; 
volcanic belts; anomalies 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1173542 83-29909 
D.C. resistivity soundings on the Mokapu Peninsula, Oahu 
Lienert, B. R. 

- -A prel iminary-geothermal-eyaluajtion of the Mokapu Peninsula 
on the Island of Oahu, Hawaii 

Cox, M,, E.; Cuff, K, E.; Lienert. B. R.; Sinton, d. M.; 
Thomas. D. M. 

HIG 82-2, 33-41p., 1982 
CODEN: HIGROF ISSN: 0440-4866 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Asses, Geotherm. Resour. Hawaii No, 5, illus., sketch map 
Descriptors; *Hawai1 ; econoraic geology; geophysical 

surveys ; geothermal energy; electrical surveys; Pacific 
Ocean; United States; Mokapu Peninsula; Oahu; resistivity; 
resources; possibilities; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1173175 83-29978 
Resistivity survey in the Chingshui prospect, I-Lan, Taiwan 
Su, F. 
Chinese Pet. Corp., TWN 
Petroleum Geology of Taiwan 15, 255-263p., 1978 
CODEN: PGTWAU ISSN: 0553-8890 7 REFS. 
Subfile: B 
Country of Publ.: Taiwan, Province of 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English Summary Languages; Chinese 
sketch maps 
Latitude: N240000; N240000 Longitude: E121O00O; E12100O0 
Descriptors: •Taiwan; •ground water ; geophysical surveys; 

economic geology; surveys ; electrical surveys; geothermal 
energy; Asia; northeastern Taiwan; resistivity; Chingshui; 
exploration; Ilan; Chingshuichl; Hanhs1; thermal waters; 
thickness; aquifers; faults 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

_0_12.7_94_ 

1171410 83-29949 
Geology and geothermal resources of the Mount Hood area, 

Oregon; introduction 
Priest. G. R. 
Ore. Dep. Geol. Miner. Ind.. Portland. OR, USA 
Geology and geothermal resources of the Mount Hood area, 

Oregon 
Priest. G. R.(EDITOR): Vogt, B. F.(EDITOR) 
Ore. Oep. Geol. Miner. Ind., Portland. OR. USA 
Special Paper - Oregon, Department of Geology and Mineral 

Industries 14, 1-2p., 1982 
ISSN: 0278-3703 7 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
sketch raap 
Latitude: N450000; N450000 Longitude; W12IOOOO; Wl2IOOOO 
Descriptors: •Oregon : geophysical surveys; economic 

geology ; grav-ity sunveys.; geothernia^l energy; Hood River 
County; United States; northern Oregon: Mount""Hood; 
Pacific Coast; exploration; prograras; evaluation 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1164572 83-24608 
Geothermal Investigations in Idaho; Part 11, Geological, 

hydrological, geochemical and geophysical investigations of 
the Nampa-Ca1dwe11 and adjacent areas, southwestern Idaho 

Mitchell, d. C.(EDITOR) 
Water Information Bulletin (Boise) 30, 143p.. 1981 
CODEN: WBIRD5 ISSN: 0511-3598 175 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; MAP Bibliographic Level: MONOGRAPHIC 
Languages: English 
Illus.. tables, geol. sketch maps: 1:68,898; colored geol. 

maps 
Latitude: N432500; N434230 Longitude: W1162730; W1164500 
Descriptors: *Idaho ; economic geology ; geothermal energy 

; Ada County; Canyon County: United States; geologic maps; 
maps; Nampa; Caldwell; geophysical surveys; exploration; 
resources; hydrology; properties; heat flow; southwestern 

Idaho; Columbia Plateau 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1164117 83-24712 
The Kemp thermal anomaly; a newly discovered geothermal 

resource In Pumpernickel Valley, Nevada 
Flynn, T.; Trexler, D. T.; Koenig, B. A. 
Nev. Div. Earth Sci.. Reno, NV, USA; Union Oil Co., Santa 

Rosa, CA, USA 
(cont. next page) 
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Geothermal energy; turn on the power! 
Lacy, R. G.(chairperson) 
San Diego Gas and Electr. Co.. San Diego, CA, USA 
Geothermal Resources Council; 1982 annual meeting; 

Geothermal energy; turn on the power. San Diego, CA, United 
States, Oct. 11-14, 1982 
Transactions - Geothermal Resources Council 6, 121-124p,, 
1982 
ISSN: 0193-5933 ISBN: 0-9344 12-56-1 6 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., sketch map 
Descriptors: •Nevada ; geophysical surveys; economic 

geology : gravity surveys; geothermal energy; Humboldt 
County; Pershing County; Valmy Formation; Osgood Mountain 
Formation; Preble Formation; United States; Pumpernickel 
Valley; exploration; Ordovician; Paleozoic; Edna Mountain; 
Bouguer anomal-les;- —three--d-imens-1ona.l_.modeJ.s.;_ raodel^ 
Sect Ion Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1164092 83-22973 
Prospecting for near vertical aquifers In low temperature 

geothermal areas in Iceland 
Flovenz. 0. G.; Georgsson, L. S. 
Iceland Natl. Energy Auth., Geotherraal Div., Reykjavik, ISL 
Geothermal energy; turn on the power! 
Lacy, R. G.(chairperson) 
San Diego Gas and Electr. Co.. San Diego, CA. USA 
Geothermal Resources Council; 1982 annual meeting; 

Geothermal energy; turn on the power, San Diego, CA, United 
States. Oct. 11-14, 1982 
Transactions - Geothermal Resources Council 6, 19-22p., 
1982 
ISSN: 0193-5933 ISBN: 0-9344 12-56-1 6 REFS. 
Subfile: B 
Country of Publ.: United States 
Ooc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. geol. sketch map 
Descriptors; •Iceland; •ground water ; economic geology; 

geophysical surveys; surveys ; geothermal energy; 
electrical surveys; Atlantic Ocean; Europe; exploration; 
dikes; Intrusions; faults; fractures; aquifers; 
Mid-Atlantic Ridge; drilling; cartography; resistivity 

Section Headings: 2 1 .(HYDROGEOLOGY AND HYDROLOGY) 

1160638 83-15082 
Multielement geochemistry of 

Fort-Sulphurdale geothermal area, 
Christensen. 0. D: 
41p. , •1982 

three geothennal wells, 
Utah 

Cove 

16 REFS. 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: ESL-101; DOE/ID/12079-80 
Availability: Univ. Utah Res. Inst., Earth Sci. Lab., Salt 

Lake City, UT, United States 
11lus.. tables 
Descriptors: *Utah: •ground water ; economic geology; 

surveys ; geothermal energy; United States; geochemistry; 
Cove Fort; Sulphurdale; Colorado Plateau; Basin and Range 
Province; wells; exploration: geophysical surveys 

Section Headings: 02 .(GEOCHEMISTRY) 

1160636 83-1986 1 
The Cove Fort-Sulphurdale KGRA; a geologic and geophysical 

case study 
N.; Christensen, O, 0, 
Earth Sc1. Lab., Salt Lake City, UT, 

Ross. H. P.; Moore, d. 
Univ. Utah Res. Inst. 

USA 
- -47p--,- -1982 

37 REFS. 
Subfile: B 
Doc Type: REPORT 
Languages: English 
Report No.: ESL-90; 
Availability: Univ 

Bibliographic Level: MONOGRAPHIC 

DDE/ID/12079-64 
Utah Res. Inst. Earth Sci. Lab. Salt 

UT. United States 

geotherraal energy: 
magnetic surveys; 

exploration; Cove 

Lake City. 
i1lus. 
Descriptors: •Utah ; econoraic geology 

United States; geophysical surveys; 
gravity surveys; tectonics; 
Fort-Sulphurdale KGRA; Sulphurdale; Colorado Plateau; Basin 
and Range Province; case studies 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1159465 83-19860 
Geothermal resource assessment of Idaho Springs, Colorado 
Repplier, F. N.; Zacharakis. T. G.; Ringrose. C. D. 
Resource Series - Colorado Geological Survey, Department of 

Natural Resources. State of Colorado 16: DOE/ET/28365-17, 
50p., 1982 
CODEN: RSSSDK ISSN: 0197-7490 45 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: MONOGRAPHIC 
Languages: English 
11lus., 8 tables 
Latitude: N394000; N394000 Longitude: W1053500; W1053500 
Descriptors: •Colorado : economic geology ; geothermal 

energy; Clear Creek County; United States; Idaho Springs; 
resources; possibilities; exploration; Tertiary; Cenozoic; 
Precambrian: tectonics; thermal waters; geophysical 

(con t . next page) 
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surveys; electrical surveys 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1159459 83-17523 
Gravity anomalies In the Cascade Range in Oregon; structural 

and thermal implications 
Couch. R. W.; Pitts. G. S.; Gemperle, M. ; Braman, D. E.; 

Veen, C. A. 
Open File Report - State of Oregon, Department of Geology 

and Mineral Industries 0-82-9, 66p. , 
78 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level 
Languages: English 
Illus., geol, sketch maps 
Descriptors: •Oregon ; geophysical surveys; econoraic 

geology ; gravity surveys; geotherraal energy; United States 
; Cascade Range: gravity anomalies; profiles; crust; 
"exploration — _ 

Section Headings: 20 .(GEOPHYSICS. APPLIED) " " " • 

Department of 
1982 

MONOGRAPHIC 

1159436 83-19868 
Geothermal resources assessment of Ouray, Colorado 
Zacharakis, T. G,; Ringrose. C. D.; Pearl. R. H. 
Resource Series - Colorado Geological Survey, Department of 

Natural Resources. State of Colorado 15: DOE/ET/28365-9, 70 
p. . 198 1 

CODEN: RSSSDK ISSN; 0197-7490 28 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: MONOGRAPHIC 
Languages: English 
11lus.. 13 tables 
Latitude: N380000; N38050O Longitude: W1073500; W10740OO 
Descriptors: *Colorado ; economic geology ; geothermal 

energy; Ouray County; United States; resources; 
exploration; Ouray; possibilities; tectonics; volcanism; 
geophysical surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1157577 83-13935 
U. S. Bur. Mines. USA 
Mineral-resource potential of the Whipple Mountains 

wilderness study area (CDCA-312), San Bernardino County, 
California 
Marsh. S. P.; Ridenour, d.; Raines, G. L.; Howard, K. A.; 

Simpson, R. W.; Moyle. P. R.; Willett. S. L.; Hoover. D. P. 
U. S. Geol. Surv., USA 
Open-File Report (United States Geological Survey. 1978) 40 

p.. 1982 
CODEN: XGROAG ISSN: 0196-1497 67 REFS. 
Subfile: B 
Country of Publ.: United States 

Bibliographic Level: MONOGRAPHIC 

Surv., Open-File Serv. 
CO, United States 

Sect., 

Doc Type: SERIAL; REPORT 
Languages: English 
Report No.: 82-0956 
Availability: U. S- Geol. 

West. Distrib. Branch, Denver, 
Illus.. 1 table, sketch maps 
Latitude: N34 1000: N343000 Longitude: W1140000; W1143500 
Descriptors: •California: •mineral exploration ; economic 

geology: programs ; mineral resources; San Bernardino 
County; USGS; United States; Southern California; Whipple 
Mountains: possibilities; base metals; precious metals; 
geochemical methods; remote sensing; magnetic surveys; 
geophysical surveys; gravity surveys; 
raining geology; economic evaluation; 
geothermal energy; uraniura ores 

Section Headings: 26 .(ECONOMIC GEOLOGY, 

electrical surveys; 
nonraetal deposits; 

GENERAL & MINING) 

1157553 83-14448 
E-field ratio telluric survey near Medicine Lake in the 

Medicine Lake Highlands caldera, Siskiyou County, California 
~ "Broker-,-"M. MT ;--ehr Istopherson,. K. ;_ He.l ler , R . _ 

Open-File Report (United States Geological Survey. 1978) 11" 
p., 1982 
CODEN: XGROAG ISSN: 0196-1497 4 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No,: 82-0900 
AvaiIabi1 Ity: U. S. Geol , 

West. Distrib. Branch, Denver, 
illus., sketch maps 
Latitude: N412500; N414500 
Descriptors: •California 

geology ; Earth-current 

Surv,, Open-File Serv, Sect., 
CO. United States 

Longitude; W1212500; W1214000 
; geophysical surveys; economic 
surveys; geothermal energy; 

Siskiyou County; USGS: United States: Northern California; 
Medicine Lake; Medicine Lake Highlands; calderas; 
exploration: geophysical profiles 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Geophys, 

1156437 83-14522 
Use of remote sensing 

resources In arid and seml-ar 
Araya F.. M.: PI races L., R 
Univ. Chile, Dep. Geol. 

Cadaster Proj., Santiago, CHL 
10. Symposium on the study 

Twenty-fourth plenary meeti 
Research, Ottawa. ON, Canad 
COSPAR Plenary Meet., Progr 
CODEN: CSRMAX 
Subfile: B 
Country of Publ.: International 

(cont. next page) 
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Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 
Level: ANALYTIC 
Languages: English 
Descriptors: •Chile ; geophysical surveys; economic 

geology ; remote sensing; geothermal energy; South America; 
techniques; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1156229 83-14804 
Geology and geothermal exploration, southernmost Peru 
Prostka; H. d.; Moore, d. L.; La Fleur, d. 
Consult., Estes Park, CO, USA; Calif. Energy Co., USA 
Circum-Pacific energy and mineral resources conference 
Anonymous 
Circum-Pacific energy and mineral resources conference, 

Honolulu, HI, United States, Aug. 23-27, 1982 
AAPG Bulletin 66: 7. 981p., 1982 
CODEN: AABUD2 ISSN: 0149-1423 
Subfile: B 
Country of Publ,: United States 
Ooc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: S180000; S120000 Longitude: WO69O0OO; W0770000 
Descriptors: •Andes; •Peru ; geophysical surveys; econoraic 

geology : remote sensing; geothermal energy; South America; 
Central Andes; thermal waters; hot springs; calderas; 
exploration; volcanoes; faults 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1156223 83-14791 
Exploration for geothermal resources In Dixie Valley, 

Nevada; a case history 
Parchman, W. L., J r . ; Knox, d- W. 
Sunoco Energy Dev,. Dallas. TX. USA 
Circum-Pacific energy and mineral resources conference 
Anonymous 
Circum-Pacific energy and mineral resources conference, 

Honolulu, HI, United States, Aug. 23-27, 1982 
AAPG Bulletin 66: 7, 980p., 1982 
CODEN: AABUD2 ISSN: 0149-1423 
Subfile: 8 
Country of Publ.: United States 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N390000; N400000 Longitude: Wl173000; Wi191500 
Descriptors: •Nevada ; econoraic geology; geophysical 

surveys ; geothermal energy; surveys: Churchill County; 
United States; Dixie Valley; exploration; magnetotelluric 
surveys; seismic surveys; heat flow 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1156125 83-14814 
Roosevelt Hot Springs geothermal system, Utah; case study 
Ross. H. P.: Nielson, D. L.; Moore, d. N. 
Univ. Utah Res. Inst.. Earth Sci. Lab., Salt Lake City, UT, 

USA 
AAPG Bulletin 66: 7, 879-902p., 1982 
CODEN: AABUD2 ISSN: 0149-1423 55 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., 6 tables, geol. sketch raap 
Latitude: N381500; N38500O Longitude: Wl122000: Wl133000 
Descriptors: 'Utah ; economic geology ; geothermal energy; 
Beaver County; United States; Roosevelt Hot Springs KGRA; 
Basin and Range Province; case studies: exploration; faults 
; reservoir properties; hydrothermal alteration; 
metasomatism; thermal waters; geocheraistry; geophysical 
surveys; hydrocheralstry; review: geothermal systems 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1155155 83-14486 
Schlumberger soundings in the Medicine Lake area, California 
Zohdy. A. A. R.; Bisdorf. R. d. 
U, S, Geol, Surv.. USA 
Open-File Report (United States Geological Survey. 1978) 

163p., 1982 
CODEN: XGROAG ISSN: 0196-1497 6 REFS. 
Subfile: B 
Country of Publ,: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: 82-0887 
Availability: U. S. Geol. Surv., Open-File Serv. Sect.. 

West. Distrib, Branch, Denver, CO, United States 
11lus., sketch raap 
Latitude: N413000; N414200 Longitude: W1213000; W1214500 
Descriptors: •California ; economic geology; geophysical 

surveys ; geotherraal energy; electrical surveys; Siskiyou 
County; USGS: United States; Northern California; Medicine 
Lake; sounding; Schlumberger methods; resistivity; 
exploration; data 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1155052 83-14494 
Bipole-dipole electrical technique applied to geothermal 

exploration In New Mexico 
Gerety. M. T. 
Univ, of New Mexico, Albuquerque. NM, USA 
unknownp,, 1980 
Subflie: B 
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Degree Level: Master's 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Descriptors: *New Mexico ; geophysical surveys; economic 

geology ; electrical surveys; geothermal energy; United 
States; exploration; applications; accuracy; errors; 
bipole-dipole surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1154544 83-14848 
Geophyscia 1/geothermal studies In the southeastern Mimbres 

Basin near the City of Columbus, southern Rio Grande Rift, New 
Mex i CO 

Swanberg, C. A.; Sanders, R.; Marvin, P. R.; Daggett, P.; 
Young. C. T.; Morgan. P, 
N. Mex. State Univ.. Las Cruces. NM. USA; Univ. Tex.. El 

Paso, USA 
Geology of the border; southern New Mexico-northern 

Chihuahua 
Hoffer, d, M.(EDITOR); Hoffer, R. L.(EDITOR) 
Univ. Tex.. Dep. Geol. Sci.. El Paso. TX. USA 
Publ: El Paso Geol. Soc. 
91-96p., 1981 
6 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: BOOK Bibliographic Level: ANALYTIC 
Languages: English 
illus., 1 table, sketch map 
Latitude: N310000: N3100OO Longitude: W1070000; W1070000 
Descriptors: •New Mexico ; geophysical surveys; economic 

geology ; surveys; geothermal energy; Luna County; United 
States; heat flow; electrical surveys; Basin and Range 
Province; Mimbres Basin; U.S.-Mexico boundary; Rio Grande 
Rift; temperature; land use: planning; industrial parks: 
site exploration; southern New Mexico 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1147370 83-04898 
Self-potentlal measurements and interpretation at Riviere 

Langevin and Cirque de Salazie, lie de la Reunion 
Fitterman, D. V. 
Open-File Report (United States Geological Survey. 1978) 52 

p., 1982 
CODEN: XGROAG ISSN: 0196-1497 8 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages; English 
Report No.: 82-0580 
Availability: U. S. Geol. Surv., Open-File Serv. Sect., 

West. Distrib. Branch, Denver, CD, United States 
illus,, sketch maps 
Latitude: S205000; S212500 Longitude: E056O000; E0550000 

Descriptors: •Reunion; •geophysical methods ; geophysical 
surveys; economic geology: electrical methods ; electrical 
surveys; geothermal energy; interpretation; USGS; Indian 
Ocean; Riviere Langevin; Langevin River; Cirque de Salazie; 
Salazie; self-potentlal methods; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1147034 83-04947 
Magnetotelluric exploration in Arizona and New Mexico for 

hot dry rock geothermal energy using SQUID magnetometers 
Ander, M, E. 
Los Alaraos Sci. Lab.. Los Alamos, NM, USA; Los Alamos Sci. 

Lab., USA 
SQUID applications to geophysics 
Weinstock, H,(EDITOR); Overton, W. C , dr.(EDITOR) 
111, Inst. Technol.. Chicago, IL, USA , 
Workshop on SQUID applications ; SQUID applications to 

geophysics, Los Alaraos, NM, United States, dune 2-4, 1980 
Publ: Soc. Explor. Geophys. 
61-65p., 1981 
ISBN: 0-931830-18-4 21 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: BOOK: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Note: With discussion, illus,, sketch raaps 
Descriptors: •Southwestern U.S.; •autoraatic data processing; 

•Arizona; •New Mexico ; geophysical surveys; econoraic 
geology ; magnetotelluric surveys; geotherraal energy; 
United States; hot dry rocks; SQUID; magnetometers; 
two-dimensional models; models; demez Lineament; 
continental crust; upper mantle; mantle 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1144249 83-05158 
Update on geothermal exploration and drilling in the Capital 

District of New York 
Sneerlnger. M. R.; Dunn, d. R. 
Dunn Geosci.. USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta. C. A.(EDITOR) 
Geothermal Direct Heat Program; roundup technical conference 

Salt Lake City, UT. United States. April 5-7. 1982 
171- 175p. , 1982 
Subfile: B 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No,: DOE/ID/12079-71; ESL-98 
Availability: Univ. Utah Res, Inst,, Earth Sci, Lab.. Salt 
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Lake City, UT, United States 
illus., sketch map 
Latitude: N423000; N430000 Longitude: W0734000; W074 1000 
Descriptors: •New York; •ground water ; economic geology; 

hydrogeology; surveys; geophysical surveys ; geothermal 
energy; heat flow; United States; Capital District region; 
Albany region; Schenectady region; Saratoga Springs region; 
hydrochemlstry; geothermal gradient 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1144247 83-05023 
Three years of geothermal research in Nebraska 
Gosnold, W. D., dr.; Eversoll. D. A,; Carlson, M, P. 
Univ. Nebr., Omaha, NE. USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta, C. A,(EDITOR) 
Geothermal Direct Heat Prograra; roundup technical conference 

Salt Lake City, UT, United States, April 5-7, 1982 
141-157P., 1982 
8 REFS. 
Subfile: 8 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No.: DOE/ID/12079-71; ESL-98 
Availability: Univ. Utah Res. Inst.. Earth Sci. Lab.. Salt 

Lake City, UT, United States 
illus., sketch maps 
Descriptors: •Nebraska; •wel1 - logging ; economic geology; 

geophysical surveys; applications ; geotherraal energy; heat 
flow; temperature logging; United States; Cretaceous; 
Mesozoic; geothermal gradient; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1144245 83-05163 
Relationships between geology and geothermal gradients In 

Kansas 
'Stavnes, 5- A.; Steeples, 0. W. 
Kans. Geol. Surv., Lawrence, KS. USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta, C. A.(EDITOR) 
Geothermal Direct Heat Program; roundup technical conference 

Salt Lake City. UT. United States. April 5-7. 1982 
88-121p.. 1982 
23 REFS. 
Subfile; 8 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Report No.: DOE/ID/12079-71; ESL-98 
Availability: Univ. Utah Res. Inst.. Earth Sci. Lab., Salt 

Lake City, UT, United States 
illus.. sects,, setch maps 
Descriptors: •Kansas: *wel1 - logging ; economic geology; 

geophysical surveys; applications ; geothermal energy; heat 
flow; temperature logging; United States; geothermal 
gradient; exploration 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1144243 83-05085 
Helium and ground temperature surveys at Steamboat Springs, 

Colorado 
McCarthy. K. P.: Been. d.; Reimer. G. M.; Bowles, C. G.; 

Murrey. 0. G. 
Colo. Geol. Surv.. Colo.. USA; U. S. Geol. Surv., USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta, C, A.(EDITOR) 
Geothermal Direct Heat Program; roundup technical conference 

Salt Lake City, UT, United States. April 5-7, 1982 
64-75p., 1982 
25 REFS. 
Subfile: B 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No.: DOE/ID/12079-71; ESL-98 
Availability: Univ. Utah Res. Inst., Earth Sci. Lab., Salt 

Lake City, UT. United States 
1 table, sketch maps 
Latitude: N402500; N403500 Longitude: W1064000: W1070000 
Descriptors: •Colorado; •helium ; geochemistry; 

geophysical surveys; economic geology ; heat flow; soils; 
geothermal energy; Routt County; United States; Steamboat 
Springs; faults; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1144242 83-05199 
Resource Investigations of low- and moderate-temperature 

geothermal areas In San Bernardino, California 
Youngs, L. G. 
Calif - Div. Mines and Geol-. Calif., USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta, C, A.(EDITOR) 
Geothermal Direct Heat Program; roundup technical conference 

Salt Lake City. UT. United States. April 5-7. 1982 
62-63p.. 1982 
Subfile: B 
Doc Type: REPORT: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
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Earth Sci. Lab., Salt 
Report No.: DOE/ID/12079-71; ESL-98 
Availability: Univ. Utah Res. Inst. 

Lake City, UT, United States 
Latitude: N340000; N341500 Longitude: W1171500; W1172500 
Descriptors: •California ; economic geology; geophysical 

surveys ; geothermal energy; surveys; San Bernardino County 
; United States; San Bernardino region; Arrowhead Hot 
Springs; South San Bernardino; Harlem Hot Springs; San 
Bernardino Mountains; exploration; faults; Loma Linda Fault 
; gravity surveys; resistivity; electrical surveys 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1144241 83-05194 
Exploration for geothermal energy in Arizona Basin and Range 
Witcher, d. C. 
Ar1z. Bur. Geol. and Miner. Technol., Tucson. AZ, USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta, C. A.(EDITOR) 
Geothermal Direct Heat Program; roundup technical conference 

Salt Lake City, UT, United States. April 5-7, 1982 
33-61p.. 1982 
29 REFS. 
Subfile: B 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No.: DOE/IO/12079-71; ESL-98 
Availabnity: Univ. Utah Res. Inst., Earth S d . Lab,, Salt 

Lake City. UT, United States 
illus.. 2 tables, sketch maps 
Latitude: N323000; N325O00 Longitude: W1093000; W1095000 
Descriptors: •Arizona; •Basin and Range Province; *mercury 

; economic geology; geophysical surveys: geochemistry 
geothermal energy; heat flow: soils; United States 
exploration; Safford Basin; ground water; hydrochemlstry 
faults; Bouguer anomalies; geologic thermometry 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1144239 83-04961 
Heat flow and geothermal potential of the Cascade Range 
Blackwel1, D. D. 
South. Methodist Univ.. Oep. Geol, Sci.. Dallas. TX. USA 
Geothermal Direct Heat Program; roundup technical conference 

proceedings; Volume I; papers presented; State Coupled 
Resource Assessment Program 

Ruscetta. C, A.(EDITOR) 
Geothermal Direct Heat Program; roundup technical conference 

Salt Lake City. UT, United States, April 5-7, 1982 
6-7p., 1982 
Subfile: B 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 

Report No,: DOE/ID/12079-7I; ESL-98 
Availability; Univ, Utah Res, Inst 

Lake City, UT, United States 
Descriptors: •Oregon; •Washington ; geophysical 

economic geology ; 'heat flow; geothermal energy; 
Range; United States; exploration 

Section Headings: 29 ,(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Earth Sci. Lab., Salt 

surveys; 
Cascade 

USA 
OK, 

Vol . 

1141691 82-61929 
Comments on utility of geothermal well logs and an 

evaluation of the logs from COSO-BDH-1 
Sheff, d. R.; Upton, d. W., dr. 
Univ. Lowell, Lowell. MA, USA; Battelle. Pac. Northwest 

Lab.. Richland. WA, USA 
Society of Professional Well Log Analysts, Houston, TX 
SPWLA twentieth annual logging symposium, Tulsa 

United States, dune 3-6, 1979 
Transactions of the SPWLA Annual Logging Symposium 20 

2, XX l-XX18p. , 1979 
CODEN: LGSTA6 ISSN: 0081-1718 
Subfile: B 
Country of Publ,: United States 
Ooc Type: SERIAL; CONFERENCE 

Level: ANALYTIC 
Languages: English 
11lus., 6 tables 
Descriptors: •California; •wel1 - logging 

surveys; 
methods; 

2 REFS. 

PUBLICATION Bibliographic 

KGRA; 
analysIs 
methods 

Section Headings 

; geophysical 
radioactivity: economic geology : gamma-ray 

geotherraal energy; United States; Coso Hot Springs 
geothermal fields: exploration; calibration; 

thermal conductivity; neutron probe; geophysical 

29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1141675 82-619 
Classification 

of log analysis 
Sanyal. S. K.: 
Stanford Univ 

Denver. CO. USA 
Society of Pro 
SPWLA twentie 

United States. 
Transactions o 

2. HH1-HH20p. 
CODEN: LGSTA6 
Subfile: B 
Country of Pub 
Doc Type: SE 

Level: ANALYTIC 
Languages: Eng 
1 1 lus., 4 tabl 
Descr iptors: 

18 
of geothermal reservoirs from the viewpoint 

Wells, L. E.; Mathews, M. A. 
Stanford. CA, USA; Sci. Software Corp.. 

fessional Well Log Analysts. Houston, TX, USA 
th arinual logging symposium. Tulsa, OK, 
dune 3-6. 1979 
f the SPWLA Annual Logging Symposium 20. Vol. 

1979 
ISSN: 0081-1718 12 REFS. 

1 , : United States 
RIAL; CONFERENCE PUBLICATION Bibliographic 

1 Ish 
es, sketch map 
• United States; •wel1 - logging ; geophysical 
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surveys; applications; economic geology ; Interpretation; 
geothermal energy; exploration; development; hot dry rocks; 
reservoir rocks; wells 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1141670 82-61909 
Well logs for geothermal development, benefit analysis 
Rigby, F. A.; Reardon, P. 
Sci. Appl.. USA 
Society of Professional Well Log Analysts, Houston, TX, USA 
SPWLA twentieth annual logging symposium, Tulsa, OK, 

United States, dune 3-6, 1979 
Transactions of the SPWLA Annual Logging Symposium 20, Vol. 

2, CC1-CC11p., 1979 
CODEN: LGSTA6 ISSN: 0081-1718 4 REFS. 
Subf ile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
I 1 lus. , 2 tab.les 
Descriptors: •United States; •wel1 - logging ; geophysical 

surveys; economic geology; applications ; geothermal energy 
; development; analysis; exploration; drilling; 
techniques; geothermal fields 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1139762 82-61766 
Geothermal studies 
Cull, d. P. 
BMR. Geol. Geophys., Canberra, A.C.T., AUS 
BMR 81; yearbook of the Bureau of Mineral Resources, Geology 

and Geophysics 
Adkins, d. S.(EDITOR) 
BMR. Geol. Geophys., Canberra. A.C.T., AUS 
BMR; Yearbook of the Bureau of Mineral Resources. Geology S 

Geophysics 1981. 16-19p., 1982 
ISSN: 0158-7285 
Subfile: B 
Country of Publ.: Australia 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., sketch raap 
Descriptors: •Australia ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; exploration; 
prograras 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1139554 82-61977 
Geothermal resource exploration 
Wollenberg, H. A. 
Lawrence Berkeley Lab., Berkeley, CA, USA 
Recent trends In hydrogeology 
Narasimhan, T. N.(EDITOR) 

Lawerence Berkeley Lab.. Berkeley, CA, USA 
Recent trends in hydrogeology, Berkeley, CA, United States 

Feb. 8-9, 1979 
Special Paper - Geological Society of Araerica 189, 

375-386p.. 1982 
CODEN: GSAPAZ ISSN: 0072-1077 30 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., 3 tables, sketch maps 
Descriptors: •Basin and Range Province; •ground water ; 

economic geology; geophysical surveys; surveys; 
hydrogeology ; geotherraal energy; exploration; United 
States: heat flow; geocheraistry; electrical surveys; 
seisraic surveys; gravity surveys; geothermal systems; 
remote sensing; radioactivity; hot springs 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1139464 82-61833 
Geophysical methods in prospecting for geothermal resources 
Keller, G. V. 
Colo, Sch, Mines, Oep. Geophys., Golden, CO. USA; Colo. Sch. 

Mines. USA 
Geophysical aspects of the energy problem 
Rapolla, A.(EDITOR); Keller, G. V.(EDITOR); Moore. D. 

d.(EDITOR) 
Univ. Naples. Inst. Geol. and Geophys.. Naples, ITA 
Energy research 
Rapolla, A.; Keller, G. V.; Moore, D. d. 
Second course held at the School of Geophysics ''Ettore 

Majorana'' International Centre for Scientific Culture ; 
Geophysical aspects of the energy problem, Erice. Italy, 
dune 4-18, 1978 

Publ: Elsevier Sci. Publ, Co, 
1 , 51-82p. . 1980 
ISBN: 0-444-41845-8 21 REFS. 
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus.. sketch rnaps 
Descriptors: +Un1ted States ; econoraic geology; 

geophysical surveys ; geothermal energy; seismic surveys; 
Humboldt County; Pershing County; Washoe County; 
exploration; production; geothermal systems: California; 
The Geysers; resistivity; hot dry rocks: Hawaii; Pacific 
Ocean; seismographs; elastic waves: Iraperial Valley; 
Colorado; San Luis Valley; Basin and Range Province; Nevada 
; geophysical methods 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 
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1136981 82-56941 
Geothermal well location in southern Italy; the contribution 

of geophysical methods 
La Torre. P.; Nannlni, R. 
Boll. Geofis. Teor. Appl. 22: 87, 201-209p.. 1980 
CODEN: BGTAAE ISSN: 0006-6729 8 REFS. 
Subfile: B 
Country of Publ.: Italy 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English Summary Languages: Italian 
illus., sketch maps 
Descriptors: •Italy ; geophysical surveys; economic 

geology ; surveys; geothermal energy; Europe; southern 
Italy; Campi Flegrei region; gravity surveys; magnetic 
surveys; airborne methods; geophysical methods; electrical 
surveys; Bouguer anomalies; density; resistivity: magnetic 
susceptibility; wells; exploration; applications; rI tig 
structures 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1125059 82-47406 
Controlled-source audiomagnetotellurics in geothermal 

exploration 
Sandberg, S. K.; Hohmann, G. W. 
Univ. Utah. Salt Lake, UT, USA 
Technical papers, Fiftieth annual International meeting and 

expos 11 i on 
Anonymous 
Fiftieth annual International meeting and exposition, 

Houston, TX. United States. 1980 
Technical Papers - Annual International Meeting' and 

Exposition. Society of Exploration Geophysicists 50. 
357 1-3624p., 1980 
21 REFS. 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
I 1lus., 2 tables 
Latitude: N381500; N385000 Longitude: Wl122000; W1133000 
Descriptors: •Utah ; geophysical surveys ; magnetotelluric 

surveys; United States; Roosevelt Hot Springs KGRA; 
resistivity: two-dimensional models; models; three-dimensi
onal models; controlled-source audiomagnetotelluric methods; 
geothermal energy 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1125058 82-45311 
In situ determination of heat flow In unconsolidated 

sediments 
Sass, d. H.; Kennelly, d. P., J r . ; Wendt, W. E.; Moses, T. 

H. , dr. ; Z iagos, d. P. 

Menlo Park, CA, USA; South Methodist U. S. Geol. Surv., 
Univ. . Dal las, TX. USA 
Technical papers. Fiftieth annual International meeting and 

exposition 
Anonymous 
Fiftieth annual international meeting and exposition, 

Houston, TX. United States. 1980 
Technical Papers - Annual International Meeting and 

Exposition. Society of Exploration Geophysicists 50. 
3545-3570p., 1980 

14 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., 4 tables, geol. sketch map 
Latitude: N404500: N404500 Longitude; Wl1905OO; W1191500 
Descriptors: •Nevada ; geophysical surveys ; heat flow; 

United States; Gerlach; Black Rock Desert; thermal 
conductivity: exploration: exploitation; geotherraal energy; 
In situ; sediraents; unconsolidated materials 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

1125023 82-47233 
Helium emanometry; an energy exploration guide 
Bergquist, L. 
West. Syst., USA 
Technical papers, Fiftieth annual International meeting and 

expos 1tion 
Anonyraous 
Fiftieth annual international meeting and exposition, 

Houston. TX. United States, 1980 
Technical Papers - Annual International Meeting and 

Exposition, Society of Exploration Geophysicists 50, 
2567-2578P.. 1980 

15 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
illus., sketch maps 
Descriptors: *helIum; •Texas; •Alaska; •Wyoming ; 

geochemistry; economic geology ; soils; petroleum; 
geothermal energy; uranium ores; United States; Amarlllo; 
Pilgrim Springs; exploration; helium gas; helium emanometry 
; reservoir rocks; ground methods: geophysical raethods; 
geophysical surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 
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1975-1980 
, dr.; Hodgson, R. 
d. R.; LaFehr, T. 
d. E.; Roberts, d. 

N. : 
R- ; 

c. 

annual international meeting and exposition. 

1124947 82-45299 
Developments In exploration geophysics. 
Rice, R. B.; Allen, S. d-; Gant. 0. d.. 

Larson. D. E.; Lindsey, d. P.; Patch, 
Pickett, G, R.; Schneider, W, A,; White, 

Geophys. Syst, Corp., USA; Ati. Richfield. Co., USA 
Technical papers. Fiftieth annual International meeting and 

exposi tion 
Anonymous 
Fiftieth 

Houston, TX, 
Technical 

Expos 11Ion. 
1-32p.. 1980 
20 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE 

Level: ANALYTIC 
Languages: English 
Descriptors: •geophysical methods ; methods 

United States, 
Papers 
Society of 

1980 
Annual International Meeting 

Exploration Geophysicists 
and 
50, 

PUBLICATION Bibliographic 

; exploration; crust; 
geophysical surveys; 

residues; petroleum; 
wel1 - logging 

Section Headings: 20 

applicat ions 
geothermal energy; raagnetic surveys; 

reraote sensing; coal; organic 
gravity surveys; seisraic surveys; 

(GEOPHYSICS. APPLIED) 

1122207 82-42574 
Estimation of 

measurements by a 
geothermal areas of 

Yuhara, K.; Ehara, 
Kyushu Univ.. Fac, 
Geotherma1 energy; 

heat discharge rates using 
helicopter-borne thermocamera 

Unzen Volcano, dapan 
S,; TagomorI, K. 
Eng., Fukuoka, dPN 
exploration and resources 

infrared 
over the 

Cull, d. P.(EDITOR) 
Geotherraal energy, exploration and resources; 

International Union of Geodesy and Geophysics 
assembly, Canberra, Australia, Dec. 1979 

dournal of Volcanology and Geothermal Research 
99-109p.. 1981 

CODEN: dVGRDO ISSN: 0377-0273 7 REFS. 
Subfile: 8 
Country of Publ.: Netherlands 

a part of the 
17th general 

Doc Type: SERIAL 
Level: ANALYTIC 

Languages: English 
11lus.. 4 tables 
Latitude: N323000; N333000 Longitude: El303000; E1293000 
Descriptors: •dapan; •volcanology ; economic geology; 

geophysical surveys; volcanoes ; geothermal energy; remote 
sensing; heat flow; Unzen; eruptions; heat flux; therraal 
emission; Kyushu; . Asia; Infrared surveys; Volcan Unzen 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

CONFERENCE PUBLICATION Bibliographic 

1122206 82-42453 
Evaluation methods of heat discharge and their applications 

to the major active volcanoes In dapan 
Kagiyama. T. 
Univ. Tokyo. Earthquake Res. Inst.. Bunkyo-ku, Tokyo 113. 

dPN 
Geothermal energy; exploration and resources 
Cull. d. P.(EDITOR) 
Geothermal energy, exploration and resources; a part of the 

International Union of Geodesy and Geophysics, 17th general 
assembly, Canberra, Australia, Dec. 1979 

dournal of Volcanology and Geothermal Research 9: 1, 
87-97p,, 1981 

CODEN: dVGRDQ ISSN: 0377-0273 13 REFS. 
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
11lus., table 
Descriptors: •dapan; •volcanology ; geophysical surveys; 

economic geology; volcanoes ; heat flow; geothermal energy; 
eruptions; heat flux: fumaroles; equations; Asia 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1122205 82-42396 
Heat flow at standard depth 
Cul1, d. P. 
Bur. Miner. Resour.. Canberra. AUS 
Geothermal energy; exploration and resources 
Cul1. d. P.(EDITOR) 
Geothermal energy, exploratiori and resources; 

International Union of Geodesy and Geophysics, 
assembly, Canberra, Australia, Dec. 1979 

d. Volcanol. Geotherm. Res. 9: 
CODEN: dVGRDQ ISSN: 0377-0273 
Subfile: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL: CONFERENCE 

Level: ANALYTIC 
Languages: English 
Illus. 
Presentation of a method for detecting geothermal anomalies 

by means of heat flow measurements at shallow depths (for 
example, IOO meters). 

Descriptors: •Australia ; economic geology; geophysical 
surveys ; geothermal energy; heat flow; depth; crust; 
Shallow depth 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1, 77-85p, 
14 REFS, 

a part of the 
17th general 

1981 

PUBLICATION Bibliographic 
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1122204 82-42569 
Geothermal studies In China 
Wang d1-yang; Chen Mo XIang; Wang d1-an; Deng Xiao; Wang dun 

; Shen Hsien-chieh; Hsiung Liang-ping; Yan Shu-zhen; Fan ZbI 
Cheng: Liu XlU-wen; Huang Ge-shan; Zhang Wen-ren; Shao Hal-hul 
; Zhang Rong-yan 
Acad. Sin, Beijing, Inst. Geol., Beijing, CHN 
Geothermal energy; exploration and resources 
Cull, d. P.(EDITOR) 
Geothermal energy, exploration and resources; a part of the 

International Union of Geodesy and Geophysics. 17th general 
assembly, Canberra, Australia, Dec. 1979 

dournal of Volcanology and Geothermal Research 9: 1. 
57-76p.. 1981 
CODEN: dVGRDQ ISSN: 0377-0273 4 REFS, 
Subfile: 8 
Country of Publ.: Netherlands 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
11lus., 2 tables 
Regional geothermal studies. Terrestrial heat flow data from 

17 sites. Characteristics of experimental geothermal power 
plants In service. 
Descriptors: •China ; geophysical surveys; economic 

geology ; heat flow; geotherraal energy; continental crust; 
Asia: exploration; power plants; production; hot springs; 
therraal waters; geotherraal power plants 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1122201 82-42343 
A regional strategy for geothermal exploration with emphasis 

on gravity and magnetotellurics 
Aiken, C. L. V.: Ender. M. E. 
Univ. Texas. Cent. Energy Stud., Richardson, TX 75080, USA 
Geothermal energy; exploration and resources 
Cull, d. P.(EDITOR) 
Geothermal energy, exploration and resources; a part of the 

International Union of Geodesy and Geophysics. 17th general 
assembly, Canberra, Australia, Dec. 1979 

dournal of Volcanology and Geotherraal Research 9: 1, 1-27 
p., 1981 

CODEN: dVGRDO ISSN: 0377-0273 4 p. REFS. 
Subfile: 8 
Country of Publ.: Netherlands 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus., sketch map 
Programs of geotherraal geophysical exploration In Arizona 

and New Mexico. Results of interpretation of several methods, 
with emphasis on gravimetric and raagnetotelluric methods. 
Descriptors: •Southwestern U.S.; •New Mexico; •Arizona ; 

economic geology; geophysical surveys ; geothermal energy; 

surveys: magnetic surveys; gravity surveys; Bouguer 
anomalies; residual anomalies; raagnetotelluric surveys; 
United States; electromagnetic surveys; Colorado Plateau: 
Basin and Range Province 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1116497 82-37413 
Interpretation of gravity anomalies observed in the Cascade 

Mountain Province of northern Oregon 
Braman. D. E. 
Oregon State Univ., Corvallis, OR, USA 
unknownp.. 1981 
Subfile: 8 
Degree Level: Master's 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Descriptors: •Oregon; •intrusions ; geophysical surveys; 

economic geology; plutons ; gravity surveys; geothermal 
energy; distribution; Columbia River Basalt; United States; 
Cascade Mountains; Pacific Coast; exploration; 

Deschutes-Umatilla Plateau; Bouguer anoraalies; faults 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1116493 82-37415 
Analysis of aeromagnetic measurements from the central 

Oregon Cascades 
Connard, G. G. 
Oregon State Univ., Corvallis, OR, USA 
unknownp., 1980 
Subfile: B 
Degree Level: Master's 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Descriptors: •Oregon ; geophysical surveys; economic 

geology ; magnetic surveys; geothermal energy; United 
States; Cascade Mountains; exploration; Fourier analysis; 
Holocene: Quaternary; Basin and Range Province; baseraent 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1116434 82-37559 
Geotherma1 energy 
Hatton, K. S. 
N. Mex. INst. Min. & Technol.. 
New Mexico's energy resources 
Arnold. E. C.(COMPILER); Hill. 
N. Mex. Inst. Min. ft Technol., 

Bur. Geol 
'81 
d. M.(COMPILER) 
Bur. Geol., Santa Fe 

Santa Fe. NM, USA 

NM, USA 
Annual Report - New Mexico Bureau of Mines and Mineral 

Resources (Socorro, 1965) 1981, 52-60p., 1981 
CODEN: ARNRD2 ISSN: 0160-0532 
Subfile: B 
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OH, USA; Inst. Geol 

geological 

Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus.. sketch map 
Descriptors: •New Mexico ; economic geology; geophysical 

surveys ; geothermal energy; seismic surveys; United States 
; annual report; distribution; Colorado Plateau; Basin and 
Range Province; exploration; research 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1116320 82-37519 
A new geothermal anomaly in Nicaragua 
Eckstein, Y. 
Kent State Univ., Dep. Geol.. Kent, 

Sci., GBR 
Hydrogeothermal studies; 26th International 

congress 
Lavigne, d.(EDITOR); Day, d. 8. W.(EDITOR) 
BRGM, Serv. Geol. Natl., Orleans, FRA 
Hydrogeothermal studies; thermal characteristics and 

physico-chemical behaviour of underground waters In relation 
to the components of aquifers; a part of the 26th 
international geological congress. Paris, France, duly 
7-17, 1980 
dournal of Hydrology 56: 1-2. 
CODEN: dHYDA7 ISSN: 0022-1694 
Subflie: B 
Country of Publ.: Netherlands 
Doc Type: SERIAL; CONFERENCE 

Level: ANALYTIC 
Languages: English 
Note: Kent State Univ., Dep. 

illus., 24 anal., 1 table, sketch 
Latitude: Nl14000; N120000 
Descriptors: •Nicaragua 

163-174p. 
12 REFS. 

1982 

PUBLICATION Bibliographic 

Contrib. No. 192, Geol 
maps 

Longitude: W085550O: W0861500 
economic geology; geophysical 

surveys ; geotherraal energy; heat flow; Central Araerica; 
exploration; reservoir properties; anomalies; thermal 
waters; geochemistry; hydrochemlstry; ground water; 
temperature 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Subflie: B 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
sketch maps 
Descriptors: •Arizona ; economic geology; geophysical 

surveys ; geotherraal energy; Earth-current surveys; United 
States; Fort Apache Indian Reservation; exploration; 
Springerville; Saint dohns; sounding; heat flow; 
resIstivity 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1115062 82-37684 
The Eastern Hot Dry Rock Target Prospect; a case 
Schubert, C. E.; Maxwell, d. C ; dohnson, W. d. 
D'Appolonia Consult. Eng.. Pittsburgh. PA. USA 

Sci. Lab.. Los Alamos, NM, USA 
Geothermal; energy for the eighties 
Berge. C. W.(chaIrperson) 
Phi 11lps Pet. Co. . USA 
Geotherraal Resources Council annual raeeting; 

energy for the eighties. Salt Lake City. UT, Un 
Sept. 9-11. 1980 
Transactions - Geotherraal Resources Council 4. 
1980 
ISSN: 0193-5933 ISBN: 0-934412-54-5 1 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION 

Level: ANALYTIC 
Languages: English 
illus., geol. sketch maps 
Descriptors: •Maryland; •Virginia ; econom 

geophysical surveys ; geothermal energy; magne 
United States; Sraith Island; Assateague Island; 
Dry Rock Target Prospect; case studies; hot dry 
flow; geothermal gradient: airborne methods; 
raethods; drilling; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

history 

: Los Alaraos 

Geothermal, 
ited States, 

241-244P.. 

Bibliographic 

i c geo1ogy; 
tic surveys; 
Eastern Hot 
rocks; heat 
geophys ica1 

1115069 82-37752 
Geothermal reconnaissance on the Fort Apache Indian 

Reservation using electrical methods 
Young, C. 
N.M. State Univ., Phys. Dep., Las Cruces. NM, USA 
Geothermal; energy for the eighties 
Berge, C. W.(chairperson) 
Phi 11lps Pet. Co.. USA 
Geothermal Resources Council annual meeting; Geothermal, 

energy for the eighties. Salt Lake City, UT, United States, 
Sept. 9-11, 1980 
Transactions - Geothermal Resources Council 4, 269-271p., 
1980 
ISSN: 0193-5933 ISBN: 0-9344 12-54-5 7 REFS. 

1115058 82-37649 
Exploration model for possible geothermal reservoir, Coso 

Hot Springs KGRA, Inyo Co., California 
Olson, D. M.: Robinson, R. H. 
Fugro, Long Beach, CA, USA 
Geothermal; energy for the eighties 
Berge, C. W.(chaIrperson) 
Phi 11lps Pet. Co. . USA 
Geothermal Resources Council annual meeting; Geothermal, 

energy for the eighties. Salt Lake City, UT 
Sept. 9-11, 1980 
Transactions - Geothermal Resources Council 

(cont. next page) 
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ISBN: 0-934412-54-5 7 REFS. 
1980 
ISSN: 0193-5933 
Subfile: 8 
Country of Publ.: United States 
-.Doc Type: SERIAL: CONFERENCE 

Level; ANALYTIC 
Languages: English 
geol. sketch maps 
Descriptors: •California ; economic geology 

surveys ; geothermal energy; gravity surveys; 
; Inyo County; Coso Hot Springs KGRA; 
geothermal fields; reservoir rocks; China Lake 
Center; Bouguer anomalies 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

PUBLICATION Bibliographic 

geophysical 
United States 
explorat ion; 

Naval Weapons 

ISSN: 0193-5933 ISBN: 0-9344 12-54-5 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. sketch map 
Descriptors: •Idaho ; economic geology: geophysical 

surveys ; geothermal energy; Earth-current surveys; United 
States; Snake River plain; hot dry rocks; site exploration; 
reservoir rocks; seismic surveys; heat flow; geothermal 

gradient; thermal waters 
Section Headings: 29 (ECONOMIC GEOLOGY, ENERGY SOURCES) 

1115057 82-37616 
A summary of the geology and geophysics of the San Emidio 

KGRA, Washoe County, Nevada 
Mackelprang, C. E.; Moore, d. N.; Ross, H. P. 
Univ. Utah Res, Inst., Salt Lake City, UT, USA 
Geothermal; energy for the eighties 
Berge, C. W.(chairperson) 
Phi 11Ips Pet. Co. , USA 
Geothermal Resources Council annual meeting; Geothermal. 

energy for the eighties. Salt Lake City, UT, United States, 
Sept. 9-11, 1980 
Transactions - Geothermal Resources Council 4, 221-224p., 
1980 
ISSN: 0193-5933 ISBN: 0-9344 12-54-5 3 REFS. 
Subf ile.: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: •Nevada ; econoraic geology; geophysical 

surveys ; geothermal energy; electrical surveys; Washoe 
County; United States; San Emidio KGRA; resistivity; 
drilling; geothermal gradient; reservoir rocks: exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

analysis instrumentation for geothermal 
1115038 82-37455 
Remote sens1ng 

exploration 
Avera, H. Q. 
Bausch Lomb, Rochester, NY, USA 
(^eothermal; energy for the eighties 
Berge, C. W.(chairperson) 
Phi 11ips Pet. Co., USA 
Geothermal Resources Council annual raeeting; 

energy for the eighties. Salt Lake City, UT. Un 
Sept. 9-11. 1980 
Transactions - Geothermal Resources Council 4 
1980 
ISSN: 0193-5933 ISBN; 0-9344 12-54-5 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
11lus. 

•geothermal 
imagery 
process ing; 

G e o t h e r r a a l , 
i i t e d S t a t e s . 

1 4 5 - 1 4 8 p - . 

DescrIptors: 
exploratIon; 
automatic data 
programs 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

energy; •remote 
exploi tat ion; 

geophysical survey 

sensing ; 
Instruments; 
s; computer 

1115051 82-37448 
Hot dry rock geothermal site evaluation, western Snake River 

plain, Idaho 
Arney, B. H.; Beyer, d. H,; Simon, D. B.; Tonani, F. 8.; 

Weiss. R. B. 
Los Alamos Sci. Lab.. Los Alamos, NM, USA; Harding Lawson 

Assoc, Novato. CA. USA 
Geothermal; energy for the eighties 
Berge, C. W,(chaIrperson) 
Phi I 1ips Pet. Co., USA 
Geothermal Resources Council annual meeting; Geothermal, 

energy for the eighties. Salt Lake City, UT, United States, 
Sept. 9-11, 1980 
Transactions - Geothermal Resources Council 4, l97-2C)Op.. 
1980 

1115020 82-37602 
Application of roving bipole-dipole mapping method to the 

Chingshui geothermal area, Taiwan 
Lee, C ; Lee. C ; Cheng, W. 
Min, Res. Serv. Organ., ITRI, Taipei, TWN 
Geothermal; energy for the eighties 
Berge, C, W, (cha 1rpe(~son) 
Phi 11lps Pet. Co., USA 
Geothermal Resources Council annual raeeting; Geotherraal. 

energy for the eighties. Salt Lake City, UT, United States, 
Sept. 9-11. 1980 
Transactions - Geotherraal Resources Council 4, 73-76p., 
1980 
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1115019 82-37598 
Geothermal gradient map of the United States 
Kron, A.; Heiken. G. 
Los Alamos Sci. Lab., Los Alamos, NM, USA 
Geothermal; energy for the eighties 
Berge. C. W.(chairperson) 
Phi I 1lps Pet. Co., USA 
Geothermal Resources Council annual meeting; Geothermal, 

energy for the eighties. Salt Lake City, UT, United States, 
Sept. 9-11. 1980 
Transactions - Geothermal Resources Council 4, 69-71p., 
1980 
ISSN: 0193-5933 ISBN: 0-9344 12-54-5 1 REFS. 
Subfile: B 
Country of Publ.: United States 
Ooc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
sketch raap 
Descriptors: •United States ; economic geology; 

geophysical surveys ; geothermal energy; heat flow; maps; 
geothermal gradient; hot dry rocks; resources; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1115009 82-37496 
Airborne electromagnetic surveys as a reconnaissance 

technique for geothermal exploration 
Christopherson, K. R.; Long, C. L.; Hoover, D. B. 
U. S. Geol. Surv., Denver, CO, USA 
Geothermal; energy for the eighties 
Berge, C. W.(chaIrperson) 
Phil 1ips Pet. Co.. USA 
Geothermal Resources Council annual meeting; Geotherraal, 

energy for the eighties. Salt Lake City. UT, United States, 
Sept. 9-11, I980 
Transactions - Geotherraal Resources Council 4, 29-31p., 
1980 
ISSN: 0193-5933 ISBN: 0-9344 12-54-5 3 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 

Languages: English 
illus., geol. sketch maps 
Descriptors: •California: 'Nevada ; economic geology; 

geophysical surveys ; geothermal energy; magnetotelluric 
surveys; United States; Surprise Valley KGRA; Wabuska KGRA 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1115006 82-37481 
Gravity and thermal models of the Twin Peaks magma system. 

West-central Utah 
Carrier, D. L.; Chapman, D. S. 
Union Oil, Geothermal Div.. Santa Rosa, CA, USA; Univ. Utah. 

Dep. Geol. Geophys., Salt Lake City, UT, USA 
Geothermal; energy for the eighties 
Berge, C. W.(chaIrperson) 
Phil 1lps Pet. Co.. USA 
Geothermal Resources Council annual raeeting; Geotherraal, 

energy for the eighties. Salt Lake City, UT. United States, 
Sept. 9-11, 1980 
Transactions - Geothermal Resources Council 4, 17-20p., 
1980 
ISSN: 0193-5933 ISBN: 0-9344 12-54-5 9 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
i I lus. . sketch map 
Descriptors: *Utah ; economic geology; geophysical surveys 
; geothermal energy: heat flow; United States: Twin Peaks 

; magmas; Black Rock Desert; exploration; Roosevelt Hot 
Springs KGRA; Cove Fort-Sulphurdale KGRA; Meadow-Hatton KGRA 
; volcanisra; Tertiary; Cenozoic 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1114777 82-37397 
Two dimensional modeling results of telluric-magnetotelluric 

data from the Tuscarora area, Elko County, Nevada 
Mackelprang, C, E-
25p., 1982 
13 REFS. 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: ESL-63 
Availability: Univ. Utah Res. Inst., Earth Sci. Lab.. Salt 

Lake City, UT, United States 
Note: Prep, for U. S. Dep. Energy, Illus., sketch raaps 
Descriptors: •Nevada ; geophysical surveys; economic 

geology ; raagnetotelluric surveys; geothermal energy; 
United States; Elko County; two-dimensional models; models; 
Tuscarora; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1114776 82-37396 
Interpretation of the dipole-dipole electrical resistivity 

survey, Tuscarora geothermal area, Elko County, Nevada 
Mackelprang, C. E. 
16p., 1982 
11 REFS. 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: ESL-72 
Availability: Univ. Utah Res. Inst., Earth Sci. Lab.. Salt 

Lake city, UT, United States 
Note: Prep, for U. S. Dep. Energy. Illus., sketch maps 
Descriptors: •Nevada ; geophysical surveys; econoraic 

geology ; electrical surveys; geothermal energy; Elko 
County; United States; Tuscarora; resistivity; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1112717 82-37488 
Analysis of geological and geophysical logs of two 

geothermal exploration wells drilled on NMSU land. Las Cruces, 
New Mexico 

Chaturvedi, L. 
N.M. State Univ., Dep. Earth Sci. and Civ. Eng., Las Cruces, 

NM, USA 
State-coupled Low Temperature Geothermal Resource Assessment 

Program, fiscal year 1979; final technical report 
Icerman, L.(EDITOR); Starkey, A.(EDITOR); Trentman. 

N.(EDITOR) 
N.M. State Univ.. N.M. Energy Inst., Las Cruces, NM, USA 
10.1-10.24p., 1980 
5 REFS. 
Subfile: 8 
Doc Type: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No.: DOE/ID/01717-1 
Availability: NTIS. Springfield. VA, United States 
111US-. geol. sketch map 
Latitude; N321000: N322000 Longitude: W1064500; W1065000 
Descriptors: •New Mexico; •ground water ; economic geology; 
surveys; geophysical surveys ; geothermal energy; 

wel1 - logging; Dona Ana County: Santa Fe Group; Soledad 
Rhyolite; United States; Las Cruces; Las Alturas; 
geothermal gradient; electrical logging; radioactivity; 
resistivity; self-potentlal methods; caliper logging; 
gamma-ray methods; geophysical methods 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

110304 1 82-26784 
A resistivity study in the Matsao geothermal area; 

Yangmingshan, Taipei 
Su. F. 
Chinese Pet., TWN 

Pet. Geol. Taiwan 17. 125-132p.. 1980 
CODEN; PGTWAU ISSN: 0553-8890 14 REFS. 
Subfile; 8 
Country of Publ.: Taiwan. Province of 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: Chinese Suraraary Languages: English 
In comraemoratIon of Mr. Yu Fan Yang's forty years of service 

with the petroleum Industry. sketch maps 
Descriptors: •Taiwan; •ground water ; geophysical surveys; 

economic geology; hydrogeology; surveys ; electrical 
surveys; geothermal energy; therraal waters: Asia; 
resistivity; Matsao geotherraal area; Pliocene; Neogene; 
Tertiary; Cenozoic; Miocene; hot springs; fumaroles; site 
exploration; computer programs; Interpretation; 
Yangmingshan; anomalies 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1101791 82-26764 
Results of test drilling at Newberry Volcano, Oregon 
Sammel, E. A. 
U. S. Geol. Surv., Menlo Park, CA, USA 
Bulletin - Geotherraal Resources Council IO; 11, 3-8p., 

1981 
CODEN: BGRCDD ISSN: 0160-7782 7 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Illus., sketch maps 
Descriptors: •Oregon ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; Newberry Volcano; 
United States; Cascade Range; exploration 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1096642 82-20834 
The application of acoustic televiewer to the 

characterization of hydraulic fractures In geothermal wells 
Keys. W. S. 
Raft River well stimulation experiments; geothermal 

reservoir well stimulation program 
Republic Geothermal, Santa Fe Springs, CA. USA; Maurer 

Engineering 2Houston, TX 3U'SA; Vetter Research 2Costa Mesa, 
CA 3USA 

A.1-A.1lp., 1980 
14 REFS. 
Subfile: 8 
Doc Type: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No.: OOE/AL/10563-T7 
Availability: NTIS. Springfield, VA, United States 
Latitude; N4 20000; N4 23500 Longitude: W1130500; Wl134000 
Descriptors: •Idaho; •rock mechanics; •wel1 -1ogging ; 

economic geology; field studies; acoustical logging ; 
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geothermal energy; hydraulic fracturing; Instruments; 
Cassia County; United States; Raft River basin: geophysical 
surveys; televiewers; exploration; production 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

central Texas; remote sensing; United States; 
1ineaments 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Landsat; 

1096585 82-20808 
Conductive thermal modeling of Wyoming geothermal systems 
Heasler, H. P. 
Univ. Wyo., Dep. Geol. Geophys., Laramie, WY, USA 
Geothermal Direct Heat Program; Glenwood Springs technical 

conference proceedings; Volume 1, Papers presented; State 
Coupled Geothermal Resource Assessment Program 

Ruscetta, C. A.(EDITOR); Foley, D.(EDITOR) 
Geothermal energy exploration and resource assessment 

technical conference, Glenwood Springs, CO, United States, 
May 4-6. 198 1 
301-313p.. 1981 
15 REFS. 
Subfile: 8 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No.: DOE/ID/12079-39; ESL-59 
Availability: Univ. Utah Res. Inst.. Earth Sci. Lab., Salt 

Lake City. UT. United States 
sketch maps 
Descriptors: •Wyoming ; economic geology ; geothermal 

energy: United States; resources; exploration; tectonics; 
geophysical surveys; models 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1096582 82-21061 
Lineaments perceived on Landsat Imagery of central Texas; 

applications to geothermal resource assessment 
Woodruff. C. M,; Caran. S. C, 
Tex., Bur. Econ. Geol,. Austin. TX, USA 
Geothermal Direct Heat Program; Glenwood Springs technical 

conference proceedings; Volume i. Papers presented; State 
Coupled Geothermal Resource Assessment Program 

Ruscetta, C. A.(EDITOR); Foley, 0.(EDITOR) 
Geothermal energy exploration and resource assessment 

technical conference, Glenwood Springs, CO, United States, 
May 4-6, 1981 
258-270P., 1981 
9 REFS. 
Subfile: 8 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No.: DOE/ID/12079-39; ESL-59 
Availability; Univ, Utah Res, Inst., EarthSci. Lab., Salt 

Lake City, UT, United States 
sketch raaps 
Descriptors: *Texas ; econoraic geology; structural geology 

; geophysical surveys ; geothermal energy; tectonics; 

1096578 82-21013 
Geothermal exploration methods used In the capital district 

of New York 
Sneerlnger, M. R. 
Dunn Geosci. Corp., Latham, NY, USA 
Geothermal Direct Heat Program; Glenwood Springs technical 

conference proceedings; Volume 1, Papers presented; State 
Coupled Geothermal Resource Assessment Program 

Ruscetta. C. A.(EDITOR): Foley. 0.(EDITOR) 
Geothermal energy exploration and resource assessment 

technical conference. Glenwood Springs, CO, United States, 
May 4-6, 1981 
232-237p., 1981 
Subfile: B 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Report No,: DOE/ID/12079-39; ESL-59 
Availability: Univ, Utah Res. Inst., Earth Sci. Lab.. Salt 

Lake City, UT, United States 
Descriptors: •New York ; economic geology ; geothermal 

energy: United States; exploration; geophysical surveys; 
geocheraistry 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1096574 82-2 1055 
Geophysical investigations of certain Montana geothermal 

areas 
Wldeman. C, d.; Dye, L.; Halvorson, d.; McRae, M. 
Mont, Coll, Mines. Sci. Technol., Butte, MT, USA 
Geothermal Direct Heat Program; Glenwood Springs technical 

conference proceedings; Volume 1, Papers presented; State 
Coupled Geothermal Resource Assessment Program 

Ruscetta, C, A.(EDITOR); Foley, D-(EDITOR) 
Geothermal energy exploration and resource assessment 

technical conference, Glenwood Springs, CO, United States, 
May 4-6, 1981 
179-186p., 1981 
1 REFS. 
Subfile: 8 
Doc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Report No.; DOE/ID/12079-39; ESL-59 
Availability; Univ. Utah Res. Inst., Earth Sci, Lab,, Salt 

Lake City, UT, United States 
Illus., 1 tables, sketch maps 
Descriptors: •Montana ; economic geology; geophysical 

surveys ; geothermal energy; seismic surveys; United States 
( c o n t . n e x t page) J O 
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springs; therraal waters; tectonics 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1096570 82-20832 
Hawaii Geothermal Resource Assessment Program; 1980 

geophysics subprogram 
Kauahikawa, d. 
Univ. Hawaii, Hawaii Inst. Geophys., Honolulu, HI, USA 
Geothermal Direct Heat Program; Glenwood Springs technical 

conference proceedings; Volume 1, Papers presented; State 
Coupled Geothermal Resource Assessment Program 

Ruscetta, C. A.(EDITOR); Foley, D.(EDITOR) 
Geothermal energy exploration and resource assessment 

technical conference, Glenwood Springs, CO. United States. 
May 4-6. 1981 
105-114p., 1981 
Subfile; B 
Ooc Type: REPORT; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Report No.: DOE/ID/12079-39; ESL-59 
Availability: Univ. Utah Res. Inst.. Earth Sci. Lab., Salt 

Lake City, UT, United States 
I 1lus. 
Descriptors: •Hawaii; *automatlc data processing ; economic 

geology; geophysical surveys ; geotherraal energy: 
electrical surveys; Pacific Ocean: United States; resources 
; exploration; resistivity 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1096422 82-20779 
The Baer thermal area in western Iceland; exploration and 

exploitation 
Georgsson, L. S.; dohannesson, H.; Gunnlaugsson, E. 
Geothermal energy; the international success story 
Edmiston, R. C.(cha1rperson) 
Anadarko Prod. Co., USA 
Geothermal Resources Council. 1981 annual meeting ; 

Geothermal energy; the international success story, Houston, 
TX, United States, Oct. 25-29, 1981 

Transactions - Geothermal Resources Council 5, 511-514p-, 
198 1 
ISSN: 0193-5933 ISBN: 0-934412-55-3 3 REFS-
Subflle: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
illus., 1 table, geol. sketch maps 
Latitude: N644500; N644500 Longitude: W0211500; W0211500 
Descriptors: •Iceland ; economic geology: geophysical 

surveys ; geothermal energy; electrical surveys; Atlantic 
Ocean; Europe; Western Iceland; Baer; exploration; 
exploitation; hot springs; ternperature; Borgarnes; Akranes 
;• drilling;: boreholes; resistivity .,. 

1096399 82-20930 
Passive seismic results near the Tuscarora Prospect, Nevada 
Nicholl. d. d.. dr.; Lange, A. L. 
MicroGeophys. Corp., USA; AMAX Explor.. USA 
Geothermal energy; .the international success story 
Edmiston. R. C.(cha1rperson) 
Anadarko Prod. Co.. USA 
Geothermal Resources Council. 1981 annual meeting ; 

Geothermal energy; the international success story. Houston, 
TX, United States, Oct. 25-29, 1981 

Transactions - Geotherraal Resources Council 5. 197-200P-. 
1981 
ISSN: 0193-5933 ISBN: 0-9344 12-55-3 5 REFS. 
Subflie: B 
Country of Publ.: United States 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Illus.. sketch maps 
Latitude: N412230: N4 13500 Longitude: W1160000; W1161500 
Descriptors: •Nevada ; geophysical surveys; economic 

geology ; seismic surveys; geothermal energy; United States 
; Tuscacora; microearthquakes: exploration; Poisson's 
ratio: elastic constants 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1096390 82-20728 
Huntington Beach Oilfield; an example of border land 

geothermal resource 
Chandler, P. B. 
Geosci. Syst. Consult.. USA 
Geothermal energy; the international success story 
Edmiston, R. C.(chaIrperson) 
Anadarko Prod. Co., USA 
Geothermal Resources Council, 1981 annual meeting ; 

Geothermal energy; the International success story, Houston, 
TX, United States, Oct, 25-29, 198 1 

Transactions - Geothermal Resources Council 5, 161-164p., 
1981 
ISSN: 0193-5933 ISBN; 0-9344 12-55-3 24 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: •California ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; United States; 
Huntington Beach Field; raodels; oil and gas fields; 
exploration; resources; continental borderland 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1096376 82-20893 
Granite Mountain, Nevada, geothermal prospect; a case study 
McManness. D.; Quillin, B.; Butler, D. 
MIcroGeophics Corp., USA 
Geothermal energy; the international success story 
Edralston, R, C.(chairperson) 
Anadarko Prod. Co,, USA 
Geothermal Resources Council, 1981 annual meeting ; 

Geothermal energy: the International success story, Houston, 
TX, United States, Oct, 25-29, 1981 

Transactions - Geothermal Resources Council 5, 107-1lOp.. 
1981 
ISSN; 0193-5933 ISBN: 0-9344 12-55-3 4 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
geol. sketch maps 
Descriptors: •Nevada ; economic geology; geophysical 

surveys ; geothermal energy; surveys; Pershing County; 
United States; Kyle Hot Springs; Granite Mountain; 
exploratIon 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1096368 82-20778 
A resistivity survey on the plate boundaries in the western 

Reykjanes Peninsula, Iceland 
Georgsson, L.S. , 
Geothermal energy; the International success story 
Edmiston, R. C.(cha1rperson) 
Anadarko Prod. Co., USA 
Geothermal Resources Council, 1981 annual meeting ; 

Geothermal energy; the international success story, Houston, 
TX. United States, Oct. 25-29, 1981 
Transactions - Geothermal Resources Council 5, 75-78p., 
198 1 
ISSN; 0193-5933 ISBN: 0-9344 12-55-3 9 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., sketch maps 
Descriptors: •Iceland ; economic geology; geophysical 

surveys ; geothermal energy; electrical surveys; Atlantic 
Ocean; Europe; Reykjanes Peninsula: resistivity; 
exploration; fumaroles; plate boundary 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1096369 82-20788 
Usefulness of heat flow data In regional assessment of low 

temperature geothermal resources with special reference to 
Nebraska 

Gosnold. W. D,, dr.; Eversoll, 0, A. 
Univ. Nebr., Omaha, NE, USA 
Geothermal energy; the International success story 
Edmiston, R, C.(chairperson) 
Anadarko Prod, Co,. USA 
Geothermal Resources Council, 1981 annual meeting ; 

Geothermal energy; the International success story. Houston. 
TX, United States, Oct. 25-29, 1981 
Transactions - Geothermal Resources Council 5, 79-82p., 
1981 
ISSN: 0193-5933 ISBN: 0-9344 12-55-3 15 REFS. 
Subflie: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus.. sketch map 
Descriptors: •Nebraska ; economic geology; geophysical 

surveys ; geotherraal energy; heat flow; United States; 
temperature; resources: exploration; methods 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1096363 82-20702 
Geophysical reconnaissance study of the Hengill 

high-temperature geothermal area, SW Iceland 
Bjornsson, A.; Hersir, G. P. 
Geothermal energy; the international success story 
Edmiston, R. C.(chairperson) 
Anadarko Prod. Co.. USA 
Geothermal Resources Council, 1981 annual meeting ; 

Geothermal energy; the International success story, Houston, 
TX, United States, Oct. 25-29. 1981 
Transactions - Geotherraal Resources Council 5, 55-58p.. 
198 1 
ISSN: 0193-5933 ISBN: 0-934412-55-3 6 REFS. 
Subfile: B 
Country of Publ,: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
sketch maps 
Descriptors: •Iceland ; economic geology; geophysical 

surveys ; geothermal energy; wel1 - logging; Atlantic Ocean; 
Europe; hot springs; fumaroles; volcanoes; Hengill 

Volcano; exploration 
Section Headings: 29 ,(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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USA; Univ. 
1982 

20 REFS. 

1n geotherma1 

Utah, USA 

1093884 82-20981 
Controlled-source audiomagnetotel lurlcs 

exploration 
Sandberg, S. K.; Hohmann, G. W. 
Amoco Miner. Co.. Englewood, CO, 
Geophysics 47: 1, 101-117p., 
CODEN: GPYSA7 ISSN: 0016-8033 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., sketch maps 
Latitude: N382500; N383230 Longitude: Wl125000; Wl130000 
Descriptors: *Utah; •geophysical methods ; econoraic geology 

: geophysical surveys; magnetotelluric methods ; geothermal 
energy; ' magnetotelluric surveys; applications; Beaver 
County; exploration; audiomagnetotelluric methods; 
theoretical studies; field studies; three-dimensional models 
; models; mathematical models: controlled sources: United 
States: Roosevelt Hot Springs KGRA 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1093399 82-20571 
Bipole-dipole Interpretation with three-dimensional models 

(including a field study of Las Alturas, New Mexico) 
Hohmann, G. W.; diracek, G. R. 
Univ. Utah Res. Inst., Earth Sci. Lab. Salt Lake City. UT. 

USA 
20p., 1979 
13 REFS. 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages; English 
Report No.: DOE/ET/28392-29; ESL-20 
Availability: Dep. Energy, Div. Geotherm. Energy, United 

States 
Illus., sketch raaps 
Latitude; N321500: N322000 Longitude: W1064000; W1064500 
Descriptors: •New Mexico; •geophysical raethods : economic 

geology; geophysical surveys; electrical raethods ; 
geotherraal energy; electrical surveys; interpretation; Dona 
Ana County; United States; exploration; three-dimensional 
models; models; bipole-dipole methods; cartography; 
resistivity: Las Alturas; Tortugas Mountain 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1090102 82-15164 
Heat flow studies and geothermal exploration In western 

Trans-Pecos Texas 
Taylor, B. 
Univ. of Texas at El Paso. El Paso, TX, USA 
339p., 1981 
Subfile; B 

012812 

Degree Level: Doctoral 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: Univ, Microfilms 
Latitude: N290000: N320000 Longitude: WIOIOOOO; W1063000 
Descriptors: •Texas ; economic geology; geophysical 

surveys ; geothermal energy: heat flow; Presidio County; 
El Paso County; United States; Trans-Pecos; exploration; 
Great Plains; North America: Basin and Range Province; Rio 
Grande Rift; transition zones; temperature; geothermal 
gradient; regional patterns; geophysical raaps; maps 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1088135 82-10484 
Hawaii Inst. Geophys., USA 
Geophysical reconnaissance of prospective geothermal areas 

on the Island of Hawaii using electrical methods 
Kauahikaua. d.: Mattice. M, 
U. S. Geol. Surv,, USA 
Open-File Report (United States Geological Survey. 1978) 

81- 1044, 66p. . 1981 
CODEN: XGROAG ISSN; 0196-1497 37 REFS. 
Subfile; B 
Country of Publ,: United States 
Doc Type; SERIAL; REPORT Bibliographic Level; MONOGRAPHIC 
Languages: English 
Availability: U. S. Geol. Surv.. Open-File Serv. Sect., 

West. Distrib. Branch, Denver, CO, United States 
illus., sketch maps 
Latitude: N185500: N201000 Longitude: WI545000; W1560500 
Descriptors: 'Hawaii; •volcanology ; economic geology; 

geophysical surveys; volcanoes ; geothermal energy; 
electrical surveys; Kilauea: Hawaii County; USGS; Pacific 
Ocean; United States; exploration 

Section Headings; 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1086089 82-10746 
Suggested geothermal exploration stragtegy for Big Creek hot 

springs 
Struhsacker, 0. W. 
An analysis of geothermal electric power generation at Big 

Creek hot springs, Lemhi County, Idaho 
Struhsacker, 0, W.(EDITOR) 
Univ. Utah Res, Inst., Earth Sci. Lab., Salt Lake City, UT, 

USA 
18-33p.. 1981 
10 REFS. 
Subfile: 8 
Doc Type: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No.; DOE/10/12079-37; ESL-58 
Availability: U. S. Oep. Energy, Oiv. Geotherm. Energy, 
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United States 
Note: With appendix; Geothermal production, well drilling 

costs. 
Descriptors: •Idaho ; econoraic geology ; geothermal energy 

; Lemhi County; United States; exploration; Big Creek hot 
springs; geophysical surveys 
Section Headings; 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1086067 82-10477 
Univ. Utah, Dep. Geol. Geophys., USA 
Geothermal exploration program. Hill Air Force Base, Davis 

and Weber counties, Utah 
Glenn, W. E.; Chapman. D. S.; Foley, D.; Capuano, R. M.; 

Cole. D.; Sibbett, B.; Ward, S. H. 
Univ. Utah Res. Inst.. Earth Sci. Lab., Salt Lake City. UT. 

USA 
77p.. 1980 
35 REFS. 
Subfile: B 
Ooc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ET/28392-42; ESL-34 
Availability; U. S. Dep. Energy, Div. Geotherm. Energy, 

United States 
illus., 7 tables, strat. cols., sketch maps 
Descriptors: •Utah: •ground water; •hydrology ; ecoriomic 

geology; surveys ; geothermal energy; Weber Richer; Davis 
County; Weber County: United States; exploration; Hill Air 
Force Base; Ogden; Wasatch Mountains; mercury; geochemical 
anomalies; seismic surveys; geophysical surveys; gravity 
profiles; hydrochemlstry 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1082939 82-05478 
Additional audio-magnetotelluric soundings In the Lassen 

Known Geothermal Resource Area, Plumas and Tehama counties, 
California 

Christopherson, K. R.; Pringle, L. 
U. S. Geol. Surv., USA 
Open-File Report (United States Geological Survey. 1978) 

81-0959, 18p., 1981 
CODEN: XGROAG ISSN: 0196-1497 6 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: U. S. Geol. Surv,, Open-File Serv. Sect., 

West. Distrib. Branch, Denver, CO, United States 
2 tables, sketch maps 
Latitude: N401000; N402500 Longitude: W1211500; W1214500 
Descriptors: •California ; geophysical surveys; economic 

geology ; magnetotelluric surveys; geothermal energy; 
Plumas County; Tehama County; USGS; United States; Lassen 
KGRA; audiomagnetotelluric methods; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1082896 82-05475 
Radioelement and radiogenic heat distribution in drill holes 

Mahogany 5-4-1 and Murphy 7-4-1, Idaho 
Bunker, C, M,; Bush, C, A. 
U. S, Geol. Surv.. USA 
Open-File Report (United States Geological Survey. 1978) 

81-0841, 14p., 1981 
CODEN: XGROAG ISSN: 0196-1497 9 REFS. 
Subfile: 8 
Country of Publ.; Un,i ted States 
Doc Type: SERIAL: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability; U. S, Geol. Surv.. Open-File Serv, Sect,. 

West. Distrib. Branch. Denver, CO, United States 
1 1lus.. 3 tables 
Latitude: N424818; N424818 Longitude: W1162418: W1162418 
Descriptors: •Idaho; •wel1 - logging ; geophysical surveys; 

economic geology; radioactivity ; heat flow; geothermal 
energy; Owyhee County; USGS; United States; Mahogany 5-4-1 

Murphy 7-4-1; heat sources; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

10794 14 82-05494 
Exploration case history of the Monroe KGRA, Sevier County, 

Utah 
Hulen. d. 8.; Sandberg, S. M. 
Univ. Utah Res. Inst., Earth Sci. Lab.. Salt Lake City, UT, 

USA 
82p., 1981 
54 REFS. 
Subfile; B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DOE/ID/12079-22; ESL/49 
Availability: Univ. Utah Res. Inst.. Earth Sci. Lab.. Salt 

Lake City, UT, United States 
illus., 7 tables, strat. cols., geol. sketch maps 
Latitude: N383000; N384500 Longitude: W1120000; Wl121500 
Descriptors: •Utah; •ground water ; economic geology; 

geophysical surveys; surveys; hydrogeology ; geothermal 
energy; thermal waters; Sevier County; United States; 
exploration; geochemistry; magnetic surveys; gravity 
surveys: electrical surveys: wel1 - 1ogging: springs: 
travertine: carbonate rocks; hydrothermal alteration; 
metasomatIsra; heat flow 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1077591 82-05482 
Report on geothermal ground noise measurements In Washington 

State 
Crosson, R. S.; Mayers,' I. R. 
52p., 1972 
21 REFS, 
Subfile: 8 
Ooc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No. : 72- 1 
Availability: Wash., Dep. Nat. Resour., Div. Mines Geol., 

Olympia, WA, United States 
Illus., 1 table, sketch maps 
Descriptors: •Washington ; economic geology; geophysical 

surveys ; geothermal energy; seismic surveys; United States 
; Columbia Plateau; resources; exploration; reserves 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1071738 81-56702 
The Los Azufres, Michoacan, Mexico, geothermal field 
Gutierrez N., A.; Aumento, F. 
Com. Fed. E l e c , MEX; ELC-Electroconsult. ITA 
26th international geological congress, Paris, France, 

duly 7-17, 1980 
Int. Geol. Congr. Abstr.--Congr. Geol. Int., Resumes 26, 

V o l . 3 . 1114p., 1980 
CODEN: IGABBY 
Subfile: B 
Country of Publ.: Varies 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Latitude; N180000; N203000 Longitude; W1O00000: W1040000 
Descriptors: •Mexico ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; North America; 
Michoacan; Los Azufres; geothermal fields; exploration; 
heat sources; volcanic rocks; hydrothermal conditions 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1071717 81-54752 
New geothermal anomalies in Nicaragua, Central America 
Eckstein, Y. 
Kent State Univ.. Kent, OH, USA 
26th international geological congress, Paris, France, 

duly 7-17, 1980 
Int. Geol. Congr. Abstr.--Congr. Geol. Int.. Resumes 26, 

Vol . 3. 1103p. , 1980 
CODEN: IGABBY 
Subfile; B 
Country of Publ.: Varies 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 

Latitude; N104000: N150000 Longitude; W0830500; W0874000 
Descriptors: •Nicaragua; •Central America ; econoraic 

geology; hydrogeology: geophysical surveys ; geotherraal 
energy; thermal waters; heat flow; exploration; 
temperature; reservoir rocks; aquifers: anomalies 

Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGY) 

1071032 81-54789 
Vertical temperature gradients and the static stability of 

the bottom water of Lake Baikal 
Golubev. V. A. 
USSR Acad. Sci,, Inst, Earth's Crust, Irkutsk, SUN 
Doklady of the Academy of Sciences of the USSR, Earth 

Science Sections 239: 1-6, 3-5p., 1978 
CODEN: DKESA9 ISSN: 0012-494X 12 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
illus.. 1 table, sketch map 
Latitude: N520000; N560000 Longitude: E1100000; E1040000 
Descriptors: •USSR; •hydrology ; geophysical surveys; 

economic geology; surveys ; heat flow; geothermal energy; 
Lake Baikal; Baikal region; geothermal gradient; 
temperature; exploration; lakes; limnology 

Section Headings; 21 .(HYDROGEOLOGY AND HYDROLOGV) 

1070981 8 1-56695 
Prospection geothermique haute energie au Mont Dore, Massif 

Central francais 
Geothermal energy exploration; Mont-Dore, Central Massif, 

France 
Gerard, A,; Lopoukhine, M,; Stieltjes, L.; Varet, d, 
BRGM. Dep. Geotherm., Orleans, FRA 
26th International geological congress, Paris, France, 

duly 7-17. 1980 
Int. Geol. Congr. Abstr.--Congr. Geol. Int., Resumes 26, 

Vol. 3, 1052p,, 1980 
CODEN: IGABBY 
Subfile: 8 
Country of Publ,; Varies 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: French 
Latitude; N451500; N461500 Longitude: E0040000; E0023000 
Descriptors: •France ; econoraic geology ; geothermal 

energy; Europe; Central Massif; Mont-Dore; Puy-de-Dome; 
exploration; calderas; heat sources; heat flow; 
temperature; geophysical surveys 

Section Headings: 29 ,(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1O7O903 81-56613 
Determination of Curie Isotherm from aeromagnetic data in 

the Inperial Valley, California 
Kam, M. N. S. 
Univ. of California. Riverside. CA, USA 
unknownp., 1980 
Subfile: 8 
Degree Level: Master's 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level; 
Languages: English 
Latitude: N320000; N330000 Longitude: 
Descriptors; •California; •geophysi 

geophysical surveys; magnetic methods; 
tectonophysics ; magnetic surveys: applic 
energy: crust; Imperial County; Un1i 
Isotherms; Imperial Valley; exploration; 
Salton Sea; Brawley; Pacific Coast 
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1061489 81-52148 
First results of the application of the dipole electrical 

sounding method in the geothermal area of Travale-Radicondoli 
(Tuscany) 
Patella, D.; Rossi, A.; Tramacere, A. 
Geothermics 8; 2, 111-134p.. 1979 
CODEN; GTMCAT ISSN: 0375-6505 24 REFS. 
Subflie: B 
Country of Publ.: International 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
I 1lus., 2 tables 
Descriptors; •Italy ; economic geology; geophysical 

surveys ; geothermal energy; electrical surveys; Europe; 
Tuscany; Travale; Radlcondoll; sounding; temperature; 
explorat ion 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1061458 81-52040 
Precision gravity studies at Cerro Prieto 
Grannell, R. 8-; Tarman. D. W.; Clover, R. C ; Leggev/le, R. 

M.; Goldstein, N. E.; Chase, D. S.; Epplnk. d. 
Calif. State Univ., Long Beach, CA, USA; Calif. State 

Polytech. Univ., Pomona, CA, USA 
Proceedings of the First symposium on the Cerro Prieto 

geothermal field; Part II 
Anonymous 
First symposium on the Cerro Prieto geothermal field; Part 

II, San Diego, CA, United States, Sept. 20-22, 1978 
Geothermics 9: 1-2, 89-99p.. 1980 
CODEN; GTMCAT ISSN; 0375-6505 9 REFS. 
Subfile: B 
Country of Publ.: International 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
11lus.. 1 table 
Descriptors: •Mexico ; econoraic geology; geophysical 

surveys ; geothermal energy; gravity surveys; North America 
; exploration; Cerro Prieto 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1061455 81-52026 
Referenced magnetotellurics at Cerro Prieto 
Gamble, T. D.: Goubau, W. M.; Goldstein, N. E.; Clarke, d. 
Univ. Calif.. Lawrence Berkeley Lab.. Berkeley, CA, USA 
Proceedings of the First symposium on the Cerro Prieto 

geothermal field; Part II 
Anonymous 
First symposium on the Cerro Prieto geothermal field; Part 

II, San Diego, CA. United States. Sept. 20-22, 1978 
Geothermics 9: 1-2, 49-63p.. 1980 
CODEN: GTMCAT ISSN: 0375-6505 12 REFS. 
Subfile: B 
Country of Publ.: International 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
i1lus. 
Descriptors: •Mexico ; economic geology; geophysical 

surveys ; geotherraal energy; magnetotelluric surveys; North 
Araerica; Cerro Prieto; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1061454 81-51984 
Self-potentlal studies at the Cerro Prieto geothermal field 
Corwin, R. F.; Morrison, H. F.; Diaz C , S-; Rodriguez 8.. 

d. 
Univ. Calif., Eng. Geosci., Berkeley, CA, USA 
Proceedings of the First symposium on the Cerro Prieto 

geothermal field; Part II 

Anonymous 
First symposium on the Cerro Prieto geothermal field; Part 

II, San Diego, CA, United States. Sept. 20-22, 1978 
Geothermics 9: 1-2, 39-47p.. 1980 
CODEN: GTMCAT ISSN; 0375-6505 5 REFS. 
Subfile: 8 
Country of Publ.: International 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
i1lus. 
Descriptors; •Mexico ; economic geology: geophysical 

surveys ; geothermal energy: electrical surveys; North 
America; Cerro Prieto; self-potential methods; anomalies; 
explorat ion 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1061453 81-51997 
CFE self-potential survey northwest of Cerro Prieto 
Diaz C., S. 
Proceedings of the First symposium on the Cerro Prieto 

geothermal field; Part II 
Anonyraous 
First syraposium on the Cerro Prieto geothermal field: Part 

II, San Diego, CA, United States. Sept. 20-22. 1978 
Geothermics 9; 1-2. 27-37p.. 1980 
CODEN: GTMCAT ISSN: 0375-6505 7 REFS. 
Subfile: 8 
Country of Publ.: International 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages; English 
11lus. 
Descriptors; •Mexico ; economic geology; geophysical 

surveys ; geothermal energy; electrical surveys: North 
America; self-potential methods; exploration; Cerro Prieto 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1061452 81-52235 
LBL resistivity studies at Cerro Prieto 
Wilt, M. d.; Goldstein, N. E.; Razo M., A. 
Univ. Calif., Lawrence Berkeley Lab., Earth Sci. Div.. 

Berkeley, CA, USA 
Proceedings of the First symposium on the Cerro Prieto 

geothermal field; Part II 
Anonymous 
First symposium on the Cerro Prieto geothermal field; Part 

II, San Diego, CA, United States, Sept. 20-22, 1978 
Geothermics 9: 1-2, 15-26p., 1980 
CODEN: GTMCAT ISSN: 0375-6505 10 REFS. 
Subfile: 8 
Country of Publ.: International 
Ooc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 
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Level: ANALYTIC 
Languages: English 
I 1lus. 
Descriptors: •Mexico ; economic geology; geophysical 

surveys : geothermal energy; electrical surveys; North 
America; resistivity; exploration; Cerro Prieto 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1060750 8 1-46226 
Geothermal ground measurements for a better understanding of 

Infrared images regarding prospection of hyperthermal areas 
Kappelmeyer, 0, 
Bundesanst. Geowiss. und Rohst., Hanover, DEU 
Sciences de la Terre et mesures 
Earth sciences and measurements 
Anonymous 
Sciences de la Terre et mesures; colloque international 

organise pour le jublle scientifique du Professeur dean Goquel 
Orleans, France, May 5-6. 1977 

Fr,, Bur, Rech. Geol. Minieres, Mem. 91. 303p., 1978 
CODEN: FRGMA4 ISSN: 007 1-8246 
Subfile: B 
Country of Publ.: France 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Note: With discussion. 
Latitude: N385500: N392500 Longitude: E0264000; E0255000 
Descriptors: *Greece ; economic geology; geophysical 

surveys ; geothermal energy: heat flow; Europe; Lesbos; 
Greek Aegean Islands; exploration; ground methods; 
geophysical methods; temperature: heat flux; geothermal 
gradient; anomalies; Infrared methods; remote sensing; 
Imagery 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1050620 8 1-40254 
Exploration for energy includes heat 
Blackwel1, D. G. 
South. Method. Univ., Geothermal Lab., Dallas, TX, USA 
Geotimes 26; 1, 21-23p., 1981 
CODEN: GEOTAd ISSN; 0016-8556 
Subfile: 8 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •symposia; •heat flow; ••wel1 - logging; 

•geothermal energy ; geophysical surveys; measurement; 
techniques; exploration ; report; energy sources; 
geothermal gradient; temperature 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1046117 81-34281 
Structure of the Presidio Bolson area, Texas, Interpreted 

from gravity data 
Mraz, d. R.; Keller, G. R. 
Univ. Tex. Austin. Geol. Dep.. Austin. TX. USA 
Geological Circular - Texas, University, Bureau of Economic 

Geology 80-13, 20p.. 1980 
CODEN: TEGCA3 ISSN: 0082-3309 29 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: MONOGRAPHIC 
Languages: English 
Illus., tables, sketch maps 
Latitude: N29I500; N303000 Longitude: W1O40O0O; W1O5000O 
Descriptors: •Texas ; economic geology: geophysical 

surveys ; geothermal energy; gravity surveys; Presidio 
County; Bliss Sandstone: United States; Bouguer anomalies; 
Ruldosa; Presidio Bolson; exploration; Presidio Graben; 

magnetic surveys; Carabrian; Paleozoic; Ordovician; 
Mesozoic; Phanerozoic 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1043481 81-34328 
Application of aerial remote sensing to the study of 

geothermal resources In the desertic north of Chile and 
environmental pollution in Santiago, Chile 

Araya F., M. 
Cook, d. d.(chairperson); Rudin, F. M.(cha1rperson) 
Fourteenth international syraposium on remote sensing of 

environment, San dose, Costa Rica, April 23-30. 1980 
Proceedings of the International Symposium on Remote Sensing 

of Environment 14, 761-762p., 1980 
CODEN: PISEDM 
Subfile: B 
Country of Publ.: International 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: •Chile : economic geology; environmental 

geology; geophysical surveys ; geothermal energy; pollution 
; remote sensing; South America; Santiago; applications; 
exploration; resources 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1043480 81-34356 
Remote sensing techniques for identification and evaluation 

of geothermal areas 
Del Rio. L.; Pascaud, P. N.; Camacho, S.; Galvan, N. 
Cook, d. d.(chairperson); Rudin. F. M.(chairperson) 
Fourteenth International symposium on remote sensing of 

environment, San dose, Costa Rica, April 23-30, 1980 
( con t . next page) 

<iPl DimOG 
-0-12822 INFORMATION SERVICES. INC. 



PRINTS User ;U0015347 17Dec84 PRINT 1 1 / 5 / 1 - 5 5 4 PAGE: 49 
Item 200 of 554 

DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

Proceedings of the International Symposium on Remote Sensing 
of Environment 14, 731-742p.. 1980 

CODEN: PISEDM 25 REFS. 
Subfile: 8 
Country of Publ.: International 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. tables, plates 
Descriptors: •Mexico ; economic geology; geophysical 

surveys ; geothermal energy; remote sensing; North America; 
exploration; Landsat; Imagery; structure 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1037014 81-24154 
Heat flow mapping at Roosevelt Hot Springs, Utah as a 

geotherma! exploration method 
Wilson. W. R.; Chapman, D. S. 
Univ. Utah. Dep. Geol. and Geophys., Salt Lake City, Utah, 

USA 
Society of Exploration Geophysicists, 48th annual meeting, 
San Francisco, Calif., United States. Oct. 29-Nov. 2. 1978 
Soc. Explor. Geophys.. Annu. Int. Meet., Abstr. 48, 

109p., 1978 
CODEN: SGAMB7 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude; N382000; N383500 Longitude: Wl124500; Wl130000 
Descriptors: •Utah ; geophysical surveys; economic geology 
; heat flow; geothermal energy; Beaver County; United 

States: Roosevelt Hot Springs KGRA; known geothermal 
resource areas; springs; hot springs; thermal waters; 
exploration; temperature; Basin and Range Province; 
geophysical maps; maps 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1037013 81-24008 
Dipole-dipole resistivity survey of a portion of the Coso 

Hot Springs KGRA, Inyo County, California 
Fox, R. C ; Ross, H. P.; Wright, P. M. 
Univ. Utah Res. Inst., Salt Lake City, Utah, USA 
Society of Exploration Geophysicists, 48th annual meeting, 

San Francisco, Calif., United States, Oct. 29-Nov. 2, 1978 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 48, 

109p., 1978 
CODEN: SGAMB7 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N355000; N361000 Longitude: Wl173000; Wl180000 

Descriptors: 'California ; economic geology; geophysical 
surveys ; geothermal energy; electrical surveys; Inyo 
County; United States; Central California; Coso Hot Springs 
KGRA; thermal waters; springs; hot springs; known 
geothermal resource areas; resistivity; dipole-dipole arrays 
; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1037012 81-24055 
Shallo-Temp surveys; a rapid reconnaissance technique for 

geothermal prospects 
LeShack, L. A.; Lewis, d. E.; O'Hara, N. W.; Chang, 0. C. 
LeShack Assoc, Silver Spring. Md,. USA; McGill Univ., CAN 
Society of Exploration Geophysicists, 48th annual meeting, 
San Francisco, Calif,. United States, Oct, 29-Nov. 2, 1978 
Soc. Explor. Geophys., Annu. Int. Meet.. Abstr. 48, 

IO8-109p., 1978 
CODEN: SGAMB7 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N354500; N380000 Longitude: Wl173000; Wl190000 
Descriptors: •California: •geophysical raethods ; economic 

geology; geophysical surveys; methods ; geothermal energy; 
heat flow; techniques; Inyo County; Mono County; United 
States; Coso Hot Springs KGRA; Long Valley; temperature; 
soil sampling; thermal waters; springs; hot springs; known 
geothermal resource areas; Central California; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGV SOURCES) 

1037010 81-24079 
Geothermal exploration of the Agua de Pali Massif, San 

Miguel, Azores, Portugal 
Meidav, T. 
40 Brookside Ave., Berkeley. Calif., USA 
Society of Exploration Geophysicists. 48th annual meeting. 

San Francisco, Calif., United States. Oct. 29-Nov. 2. 1978 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 48, 

107-108p., 1978 
CODEN: SGAMB7 
Subfile: 8 
Country of Publ.: United.States 
Ooc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Latitude; N370000; N400000 Longitude: W0250000: W0310000 
Descriptors: •Azores: •geophysical methods ; economic 

geology; methods ; geotherraal energy; applications; 
Atlantic Ocean; San Miguel Island; Agua de Pau; electrical 
surveys; geophysical surveys; resistivity; microearthquakes 
; seismic methods; passive methods; electrical methods; 
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explorat ion 
Section Headings: 29 (ECONOMIC GEOLOGY, ENERGY SOURCES) 

1037006 81-24150 
Magnetotelluric Investigations at the Roosevelt Hot Springs 

KGRA and Mineral Mountains, Utah 
Wannamaker, P. 
Univ. Utah. Dep. Geol. and Geophys.. Salt Lake City. Utah. 

USA 
Society of Exploration Geophysicists. 48th annual meeting, 

San Francisco, Calif., United States, Oct. 29-Nov. 2. 1978 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 48, 

106p., 1978 
CODEN: SGAMB7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages; English 
Latitude: N382000; N383500 Longitude; W112450O; Wl130000 
Descriptors: *Utah; •geophysical methods ; economic geology 

; geophysical surveys; magnetotelluric methods ; geothermal 
energy; raagnetotelluric surveys; Interpretation; Beaver 
County: United States; Mineral Mountains; Roosevelt Hot 
Springs; exploration; theoretical studies; raatheraatical 
models; models; one-dimensIonal models; two-dimensional 
models; three-dimensional models; springs; hot springs: 
thermal waters; known geothermal resource areas: Basin and 
Range Province 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1036784 81-23907 
Electrical resistivity survey and evaluation of the Glass 

Buttes geothermal anomaly. Lake County, Oregon 
Hul1. D. A. 
Oreg. Dep. Geol. Miner. Ind., Portland, OR. USA 
25p., 1976 
14 REFS. 
Subfile: 8 
Doc Type: REPORT; MAP Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.; 0-76-1 
Availability: Oreg., Dep. Geol. Mines. Ind., Portland, OR, 

United States 
illus., tables; 1:29,528; geophys. surv. maps 
Latitude: N433000; N433000 Longitude: W1200000; W1200000 
Descriptors: •Oregon; *ground water ; geophysical surveys; 
surveys ; electrical surveys: Lake County: United States; 
Columbia Plateau; geophysical survey raaps; resistivity; 

Glass Buttes; anoraalies; geotherraal energy; exploration; 
geothermal gradient 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1036780 81-22175 
Geophysical logs. Old Maid Flat 1, Clackamas County, Oregon 
Anonymous 
2p., 1978 
Subfile; 8 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: Eitglish 
Report No.: 0-78-6 
Availability: Oreg.. Dep. Geol. Miner. Ind.. Portland. OR, 

United States 
Note: Contains 6 well log data sheets, illus. 
Latitude: N445500: N452500 Longitude: W1214500; W1225500 
Descriptors; •Oregon; •wel1 - logging ; geophysical surveys; 
interpretation ; data: Clackaraas County; United States; 

Columbia Plateau; Old Ma1d Flat 1; exploration; geothermal 
energy 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

1035903 81-23911 
Near-surface hydrothermal regime of the Lassen known 

geothermal resource area, California 
Mase, C. W,; Sass, J . H.; Lachenbruch, A. H. 
Open-File Report (United States Geological Survey. 1978) 

80-1230. 31p.. 1980 
CODEN: XGROAG ISSN: 0196-1497 
Subflie: 8 
Country of Publ.; United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: U. S. Geol. Surv., Open-File Serv. Sect., 

Branch Distrib., Denver. CO. United States 
Illus.. table, sketch maps 
Latitude: N401500; N404500 Longitude: Wl211500; W1214500 
Descriptors: •California ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; Shasta County; 
United States; Mount Lassen; Lassen KGRA; exploration; 
teraperature: geothermal gradient; thermal conductivity; 
thermal waters 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1031205 81-18953 
Contribution of geophysics In geothermal exploration of 

Banten 
Akil, I,; Alharald. I.; Razal1, d.; Pekar. L. 
Regional conference on the geology and mineral resources of 

Southeast Asia 
Wiryosujono. S.(EDITOR); Sudradjat. A. (EDITOR) 
Regional conference on the geology and mineral resources of 

Southeast Asia. dakarta. Indonesia, Aug. 4-8, 1975 
Publ; Indones. Assoc. Geol. 
185-199p., 1978 
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Bibliographic 

Subfile: B 
Country of Publ.: Indonesia 
Doc Type: BOOK; CONFERENCE PUBLICATION 

Level: ANALYTIC 
Languages: English 
illus., sects., geol. sketch maps 
Latitude: SI 13000; N0630OO Longitude; E1413000; E0950000 
Descriptors: •Indonesia ; economic geology ; geothermal 

energy; Asia; dava; Banten; geophysical surveys; gravity 
surveys; electrical surveys; resources; explora'tlon 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1030226 8 1-19048 
Present day knowledge of the Parbati Valley geothermal field 
Gupta, M, L.; Kumar, R.; Singh. S. B. 
Proceedings of -the Seminar on the development and 

utilization of geothermal energy resources 
Bhalla. M. S.(EDITOR); Gupta, M. L.(EDITOR) 
Seminar on the development and utilization of geothermal 

energy resources. Hyderabad, India, dan. 6-7, 1977 
Geoviews 6: 1-4, 11183-11199p., 1979 
11 REFS. 
Subfile: 8 
Country of Publ.: India 
Ooc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Illus., sketch map 
Latitude: N22000O; N260000 Longitude: E0780000; EO74O00O 
Descriptors: *Ind1a; •Himalayas ; econoraic geology; 

geophysical surveys ; geothermal energy; heat flow; Asia; 
Parbati Valley; geothermal fields; exploration; hot springs 
; therraal waters; HImachal Pradesh 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGV SOURCES) 

1030224 81-19081 
A review of geological, geochemical and thermal exploration 

in the Sohna Valley, Dist. Gurgaon, (Haryana) 
Krishnaswamy. V. S.; Shanker, R.; dangi, B. L. 
Proceedings of the Seminar on the development and 

utilization of geothermal energy resources 
Bhalla, M. S.(EDITOR); Gupta, M. L.(EDITOR) 
Seminar on the development and utilization of geotherraal 

energy resources. Hyderabad, India, dan. 6-7, 1977 
Geoviews 6: 1-4, 11147-III63p. . 1979 
4 REFS. 
Subfile: 8 
Country of Publ.: India 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
sects., table, sketch raaps 
Latitude: N280000; N300000 Longitude: E0772000; E0770000 
Descriptors: •India ; geophysical surveys; economic 

geo1ogy ; heat flow; geotherraal energy; Asia; Sohna Valley 

; Haryana; exploration; structural controls; resources; 
teraperature; therraal waters: hot springs 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1030222 81-18979 
A review of geophysical exploration for evaluating, the 

geothermal resource potential of the Sohna Valley, Haryana 
Bhanuraurthy, V. R.; Krishnaswamy, V. S.; Mall, R. P. 
Proceedings of the Seminar on the development and 

utilization of geothermal energy resources 
Bhalla. M. S.(EDITOR); Gupta. M. L.(EDITOR) 
Seminar on the development and utilization of geothermal 

energy resources. Hyderabad, India. dan. 6-7. 1977 
Geoviews 6; 1-4, 111 1 - III22p. . 1979 
6 REFS. 
Subfile: B 
Country of Publ. India 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus,, sects,, sketch maps 
Latitude: N280000: N29000O Longitude: E077 1500; E0770000 
Descriptors: •India ; geophysical surveys; economic 

geology ; surveys; geothermal energy; exploration: 
resources; Sohna Valley; Haryana; Asia; thermal waters; 
structural controls: gravity surveys; magnetic surveys; 
seismic surveys 
Section Headings: 29 ,(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1030221 81-19130 
Application of radiometric techniques in investigation of 

geothermal energy resources 
Rao, V. v.; Ghosh, P. C ; Bhalla. N. S. 
Proceedings of the Seminar on the development and 

utilization of geothermal energy resources 
Bhalla, M. S.(EDITOR): Gupta, M, L.(EDITOR) 
Seminar on the development and utilization of geothermal 

energy resources. Hyderabad, India, dan. 6-7, 1977 
Geoviews 6: 1-4, II37-II62p., 1979 
11 REFS. 
Subfile: 8 
Country of Publ.: India 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
tables, sketch maps 
Latitude: N224500; N225000 Longitude: E0733000; E0732500 
Descriptors; •India ; economic geology; geophysical 

surveys ; geothermal energy; radioactivity surveys; 
resources; Asia; thermal waters; hot springs; springs; 
explorat ion 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1030220 81-19050 
Geophysical exploration and assessment of power potential of 

Puga geothermal field 
Gupta, M. L.: Sharma, S. R.; Singh, S. B.; Drolla, R. K. 
Proceedings of the Seminar on the development and 

utilization of geothermal energy resources 
Bhalla. M. S.(EDITOR); Gupta, M. L.(EDITOR) 
Seminar on the development and utilization of geothermal 

energy resources. Hyderabad, India, dan. 6-7, 1977 
Geoviews 6: 1-4, II23-II36p., 1979 
16 REFS. 
Subfile: B 
Country of Publ. India 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
sect,, geol. sketch map 
Latitude: N320000; N350000 Longitude; E0790000; E0750000 
Descriptors: •India ; geophysical surveys; economic 

geology ; heat flow; geotherraal energy; exploration; 
geotherraal fields; Puga; springs; hot springs: Asia; 
thermal waters 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1O3O210 81-18939 
Proceedings of the Seminar on the development and 

utilization of geothermal energy resources 
Bhalla, M. S.(EDITOR); Gupta, M. L.(EDITOR) 
Seminar on the development and utilization of geothermal 

energy resources, Hyderabad. India. dan. 6-7, 1977 
Geoviews 6; 1-4, 236p., 1979 
Subfile; 8 
Country of Publ. India 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: MONOGRAPHIC 
Languages: English 
Note: Individual articles cited separately, illus., 

tables, geol. sketch maps 
Descriptors: •symposia; •India ; economic geology ; 

geothermal energy; Asia; resources; exploration: thermal 
waters; geophysical surveys: hot springs 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1029840 8 1-16846 
Interpretation and graphic representation of resistivity 

data using a curve plotter connected to a computer 
Onodera. S.; Fukuda. M.; Sasaki, V. 
Butsur1-Tanko 33: 3, 10-20p., 1980 
CODEN: BTANAF ISSN: 0521-9191 4 REFS. 
Subfile; B 
Country of Publ.: dapan 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English Summary Languages: dapanese 

illus., tables, sketch raap 
Descriptors: •dapan; •automatic data processing; 

•geophysical methods ; geophysical surveys; electrical 
methods ; electrical surveys; resistivity; computers; 
interpretation; techniques; simulation; graphic display; 
wel1-logging; exploration; geothermal energy; applications; 
geothermal fields; Asia; methods; data analysis 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

1028066 81-19137 
Osobennosti bureniya skvazhin na peregretyye vody (Iz opyta 

razvedkl Pauzhetskogo mestorozhdenlya) 
Drilling wells in superheated waters; from exploration tests 

of the Pauzhet Deposit 
Samoylenko. P. I.; Drozdov, A. V. 
Izuchenlye 1 ispol'zovaniye geotermal'nykh resursov v 

vulkanicheskikh oblastyakh 
Alad'yev, I. T.(EDITOR); Sugrobov, V. M.(EDITOR) 
Publ: Izd. Nauka , 
101-I06p., 1979 
Subfile: B 
Country of Publ,; Union of Soviet Socialist Republics 
Doc Type; BOOK Bibliographic Level: ANALYTIC 
Languages; Russian 
11lus. 
Descriptors; •USSR; •wel1 - logging ; geophysical surveys: 

techniques; economic geology ; boreholes; geothermal energy 
; Pauzhet Deposit; Kamchatka Peninsula; thermal waters; 
exploratIon 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1028064 8 1-18959 
K metodike poiskov 1 razvedkl yestestvennykh podzemnykh 

kotlov V kachestve effektivnogo Istochnlka geotermal'noy 
energi1 

Methods of prospecting and exploration of natural 
ground-water basins as effective sources of geothermal energy 

Amirkhanov, K. I.; Kurbanov. M. K.; Kasparov, S. A.; Omarov, 
M. A.; Kadyrov, G. A. 

Izuchenlye 1 ispol'zovaniye geotermal'nykh resursov v 
vulkanicheskikh oblastyakh 

Alad'yev. I. T.(EDITOR); Sugrobov. V. M.(EDITOR) 
Publ: Izd. Nauka 
88-95p., 1979 
Subfile: B 
Country of Publ.; Union of Soviet Socialist Republics 
Doc Type: BOOK Bibliographic Level: ANALYTIC 
Languages: Russian 
sketch map 
Latitude: N410000; N450000 Longitude: E0470000; E046O00O 
Descriptors: •USSR; •ground water ; economic geology; 

geophysical surveys; surveys ; geotherraal energy; heat flow 
; Dagestan; geothermal gradient; regional patterns; 

( c o n t . n e x t page) J O 

= = = = = = = = = = = = = = ^TDirHJOG = 
_0A2826_ (NFORMATION SERVICES. INC. 



P R I N T S User:U0015347 17Dec84 PRINT 11/5/1-554 PAGE: 53 
Item 2 18 of 554 

DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

methods; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGV SOURCES) 

1027426 81-16094 
Geology and geothermics of the Island of Milos 
Fytikas, M.; Marinelli, G. 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

August!this, S. S.(president) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy, 
Athens, Greece, Oct. 1976 

Publ; Natl. Tech. Univ. 
5l6-524p., 1976 
Subfile: 8 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level : ANALYTIC 
Languages: English 
Note: Contains Information derived from a doctoral 

dissertation by Fytikas, M.. 
Latitude; N360000; N360000 Longitude; E0240000; E0240000 
Descriptors: •'Greece; •absolute age ; areal geology; dates 

econoraic geology; geophysical surveys; volcanology 
Milos Island: glaucophane; geothermal energy; electrical 
surveys; Europe; Cyclades Group; Aegean Sea; Mediterranean 
Sea; amphibole group; chain silicates; silicates; K/Ar; 
Alpine Orogeny; genesis; fumaroles; hot springs; springs; 
thermal waters; exploration; volcanism; neotectonics; 
island arcs; plate tectonics; Holocene; Quaternary; 
African Plate; Aegean Plate; Aegean volcanic arc 

Section Headings: 13 .(AREAL GEOLOGY. GENERAL) 

1027419 81-16843 
The use of M.T.-5-E.X. magnetotelluric In geothermal 

exploration 
Muse, L. M.; Ten Dam. A. 
Gen. Electromagn. Prospect., Santa Rosa, Calif., USA; 

Tectonic Resour.. USA 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

August 1 this, 5. S.(president) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy. 
Athens. Greece, Oct. 1976 

Publ; Natl. Tech. Univi 
439-444p., 1976 
2 REFS. 
Subfile: B 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 

Latitude: N363000; N473000 Longitude: E0190000; E0063000 
Descriptors; •geophysical methods; •geothermal energy 

•automatic data processing; •Italy; •Guadeloupe 
magnetotelluric methods: exploration; geophysical surveys 
applications; instruments; magnetotelluric surveys 
geotherraal exploration: computer programs; resistivity 
Interpretation; exponential solutions; Europe; Travale 
Tuscany; carbonate rocks; geothermal fields; Torre Alflna 
Guadelupe 
Sect ion Headings: 20 .(GEOPHYSICS. APPLIED) 

1027418 81-16842 
Preliminary geothermal gradient and heat flow values for 

northern Egypt and Gulf of Suez from oil well data 
Morgan. P.: Blackwell, 0. O.; Farris. d. C ; Boulos, F. K.: 

Sallb, P. G. 
South. Meth. Univ,, Dep. Geol. Sci., Dallas, Tex., USA 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

Augustithls, S. S.(president) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy, 
Athens. Greece, Oct. 1976 

Publ: Natl. Tech. Univ. 
424-438p., 1976 
20 REFS. 
Subfile: 8 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
11lus., strat. col. 
Latitude; N220000; N320000 Longitude: E03530O0; E0250000 
Descriptors: •Egypt ; economic geology; geophysical 

surveys ; geotherraal energy; heat flow; Africa; Gulf of 
Suez; geothermal gradient; exploration; neotectonics; 
measureraent; genesis; structural controls; hot springs: 
springs; therraal waters; thermal conductivity; Mesozoic; 
Phanerozoic; Tertiary; Cenozoic; sedimentary rocks; 
histograms 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

1027413 81-16834 
Computing methodologies for monitoring the thermal trend of 

volcanic areas 
Lo Gludice, E.; Tonelli, A. M. 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

Augustithls, S. S.(presIdent) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy. 
(cont. next page) J O 
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Athens. Greece, Oct. 1976 
Publ: Natl. Tech. Univ. 
354-364p., -1976 
5 REFS. 
Subfile: 8 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Note: Contribution of the Working Group for Remote Sensing 

Applications In Volcanic Areas (I .A.V.C.E.I.), Illus. 
Latitude: N380000; N380000 Longitude: EOI50000; EOI50000 
Descriptors: •Italy; •automatic data processing ; 

geophysical surveys; economic geology; volcanology ; heat 
flow; geotherraal energy; remote sensing; Vulcano: Europe; 
exploration; volcanoes; Holocene: Quaternary; methods; 
Infrared surveys;- seepage; geologic hazards; geothermal 
gradient; Mediterranean Sea: Tyrrhenian Sea 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

1027409 81-19069 
The use of satellite data for monitoring zones of possible 

geothermal Interest 
Kaminsky, H.; Tonelli, A. M. 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

Augustithls. S, S,(presIdent) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy. 
Athens, Greece, Oct, 1976 

Publ: Natl. Tech. Univ, 
286-299p., 1976 
9 REFS, 
Subfile: 8 
Country of Publ,: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
111 us. 
Latitude; N3630O0; N473000 Longitude; E0190000; E0O63O0O 
Descriptors; 'Italy: •hydrology ; economic geology; 

hydrogeology; surveys; geophysical surveys ; geothermal 
energy; heat flow; Europe; exploration; Infrared surveys; 
remote sensing: applications; energy sources; anomalies; 
regional patterns; therraal waters; satellite raethods; 
geophysical methods; Nimbus; thermograms 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1027397 81-16461 
Contribution of geophysical surveying in the discovery of 

Cesano geothermal field, northern Latium, central Italy 
Camel 1, G. M. ; Mouton, d.; Toro, 8, 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 

geothermal energy; Volume 1 
Augustithls, S. S.(president) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geotherraal energy, 
Athens, Greece. Oct. 1976 

Publ; Natl. Tech. Univ. 
130-143p., 1976 
Subfile: B 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
sketch raaps, sect. 
Latitude: N41O0OO; N4IOOOO Longitude: E0120000; EO120O0O 
Descriptors: •Italy ; geophysical surveys; economic 

geology ; surveys; geothermal energy; Europe; gravity 
anoraalies; Bouguer anomalies; raaps; Earth-current surveys; 
temperature; geothermal gradient; electrical logging; 

wel1 - logging; calibration; volcanic rocks; sedimentary 
rocks; magnetic surveys; Cretaceous; Mesozoic; limestone: 
carbonate rocks; reservoir rocks; thermal waters; Cesano 

Geotherraal area; exploration; Sabatini Mountains 
Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

1027392 81-16443 
Geothermal research in western Campania, southern Italy; a 

revised Interpretation of the Qualiano-Parete Structure 
Baldi. P.; Carael1. G. M.; D'Argenio, B.; Oliveri del 

Castillo, A.; Pescatore, T.; Puxeddu, M.; Rossi, A.: Toro, 8. 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

Augustithls. S. S.(president) 
International congress on therraal waters, geotherraal energy 

and vulcanisra of the Mediterranean area; geothermal energy. 
Athens, Greece, Oct. 1976 

Publ: Natl. Tech. Univ. 
56-70p.. 1976 
16 REFS. 
Subfile: B 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
illus.. geol. sect., geol. sketch map 
Latitude: N410000; N410000 Longitude: E0140000; E0130000 
Descriptors: •Italy: •ground water ; geophysical surveys; 

surveys; structural geology ; neotectonics; Europe; 
electrical logging; wel1 - logging: magnetic anomalies; 
gravity anomalies; tectonics; evolution; Apennines; 
tectonophysics; geothermal energy; exploration; Campania; 
vertical tectonics; grabens; Parete; horsts; burled 
features; genesis; thermal waters; monoclines; folds; 
raodels; carbonate rocks; displaceraents; economic geology 
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Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

1O27390 81-16433 
Geophysical reconnaissance of Los Humeros Caldera, Mexico 
Alvarez, R.; Morrison, H. F. 
Univ. Calif., Dep. Eng. Geosci., Berkeley, Calif., USA 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

Augustithls, S. S.(president) 
International congress on therraal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy, 
Athens, Greece, Oct. 1976 

Publ: Natl. Tech. Univ. 
29-42p., 1976 
5 REFS. 
Subfile: 8 
Country of Publ.: Greece 
Doc Type; BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
11lus.. sketch raap 
Latitude: N194000; N194000 Longitude; W0972500; W0972500 
Descriptors: *Mexlco ; geophysical surveys ; electrical 

logging; North America; wel 1 - logging: Los Humeros Caldera: 
Mexican volcanic belt; geothermal energy; volcanology; 
volcanisra; fumaroles; tectonics; faults; magnetic 
anomalies: magnetic surveys; remote sensing; satellites; 
exploration; Monte Nuevo Fault; Zaragoza Fault 

Section Headings; 18 .(GEOPHYSICS. SOLID EARTH) 

1027389 81-16997 
Etude geothermique prellmlnaire du NE espagnol 
A preliminary geothermal study of northeastern Spain 
Albert-Beltran, J . F. 
Proceedings of the International congress on thermal waters, 

geothermal energy and vulcanism of the Mediterranean area; 
geothermal energy; Volume 1 

Augustithls, S. S.(president) 
International congress on thermal waters, geothermal energy 

and vulcanism of the Mediterranean area; geothermal energy. 
Athens, Greece, Oct. 1976 

Publ; Natl. Tech. Univ. 
17-28p., 1976 
9 REFS. 
Subfile: 8 
Country of Publ.: Greece 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: French 
tables 
Latitude: N403000; N423000 Longitude: E0033000; EOOOOOOO 
Descriptors: •Spain ; hydrogeology; economic geology 

thermal waters; geotherraal energy; Europe; genesis 
•seismicity; epicenters; Pyrenees; Maladeta Massif 

granodiorite; granite-granodiorite family; Andorra Massif; 
intrusions; Pliocene; Neogene; Tertiary; Cenozoic; 
volcanisra; volcanology; geochemistry; chemical composition; 
albite-anorthite system; ion exchange; geothermal gradient; 
heat flow; geophysical surveys; Catalonia; electrical 
logging; wel1 - logging; Gerona; tectonics; regional 
patterns; fracture zones; faults; exploration; areal 
geology 

Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGV) 

1024903 81-12376 
A study on the detection of reflection events In a complex 

geothermal areas 
Ishii, V,; Tsumuraya, Y, 
d. Min. Metall. Inst. dap. 96: 1107, 301-306p,, 1980 
ISSN: 0369-4 194 6 REFS, 
Subfile: B 
Country of Publ.: dapan 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: dapanese Suraraary Languages: English 
11lus. 
Latitude: N300000: N45OO00 Longitude; E1470000; E1290000 
Descriptors; •dapan: •geophysical methods : geophysical 

surveys; econoraic geology; seismic methods ; seisraic 
surveys; geothermal energy; Interpretation; Asia: 
exploration; reflection; stacking methods 

Section Headings: 20 ,(GEOPHYSICS. APPLIED) 

1022906 81-14201 
Contribution to the study of the deep lithospheric profiles; 

''deep'' reflecting horizons In Larderello-Travale geothermal 
field 
Batini, F,; Burgassi, P. D.; Camell, G- M.; Nicolich, R.; 

Squarci . P, 
Atti del 69 o Congresso della Societa Geologica Italiana 

sui tema recenti sviluppi della ricerca geologica finalIzzata 
69 o Congresso della Societa Geologica Italiana: Recenti 

sviluppi della ricerca geologica finalizzata. Perugia. Italy 
Oct. 2-4. 1978 

Soc. Geol. Ital., Mem. 19, 477-484p., 1978 
CODEN: MSGLAH ISSN; 0375-9857 
Subflie; B 
Country of Publ.: Italy 
Ooc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
illus., sects., geol. sketch maps 
Latitude: N425500; N433000 Longitude: E0111500; E0010300 
Descriptors: •Italy ; econoraic geology; geophysical 

surveys ; geothermal energy: seismic surveys; Europe; 
Larderello-Travale geothermal field; geothermal fields; 
tectonics; exploration; deep-seated structures 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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1022905 81-14258 
Structural setting of the Larderello-Travale geothermal 

region 
Gianelli, G.; Puxeddu, M.; Squarci, P. 
Atti del 69 o Congresso della Societa Geologica Italiana 

sui tema recenti sviluppi della ricerca geologica finalizzata 
69 o Congresso della Societa-Geologica Italiana; Recenti 

sviluppi della ricerca geologica finalizzata. Perugia, Italy 
Oct. 2-4. 1978 

Soc. Geol. Ital., Mem. 19, 469-476p., 1978 
CODEN: MSGLAH ISSN: 0375-9857 20 REFS. 
Subfile: 8 
Country of Publ.; Italy 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English Sumraary Languages: Italian 
illus.. charts, geol. sketch map 
Latitude; N425500; N433000 Longitude; EOI11500; E0103000 
Descriptors: •Italy ; economic geology; geophysical 

surveys ; geothermal energy; seismic surveys; Europe; 
geothermal fields; Intrusions; granite: granite-granodiori
te family; lithostratigraphy; tectonics; deep-seated 
structures; southern Tuscany; Larderello-Travale geothermal 
field; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1015559 81-05017 
Geothermal reconnaissance by electrical methods In eastern 

Arizona 
Young, C. T. 
N.M. State Univ., Phys. Oep.. Las Cruces, N.M,, USA 
Araerican Geophysical Union; 1980 spring annual raeeting, 

Toronto, Ont,, Canada, May 22-27, 1980 
Eos (Ara. Geophys. Union, Trans,) 61: 17. 365p., 1980 
CODEN: EOSTAd ISSN: 0096-394 1 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Latitude: N333000; N341000 Longitude: W1093000; W1095000 
Descriptors: +Arizona ; econoraic geology; geophysical 

surveys ; geotherraal energy; electrical surveys; Apache 
County; United States; White Mountains; exploration; 
resistivity; Earth-current surveys: Schluraberger methods; 
crust 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1015558 81-02518 
Magnetotelluric study of the Zuni HDR prospect and Jemez 

Lineament 
Ander, M.; Laughlin, A. W,; Furgerson, R.; Foster, d.; 

Strangway, D. 

Lab. Los Alamos, N.M. USA; Argonaut Los Alaraos Sci 
Enterp., USA 

American Geophysical Union; 1980 spring annual meeting, 
Toronto, Ont., Canada, May 22-27. 1980 

Eos (Am. Geophys. Union, Trans.) 61; 17, 365p., 1980 
CODEN; EOSTAd ISSN: 0096-394 1 
Subfile; B 
Country of Publ,: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Latitude: N345000: N3520OO Longitude: W1083500; W1090500 
Descriptors: •New Mexico; *Colorado Plateau ; 

tectonophysics; geophysical surveys; economic geology ; 
crust; magnetotelluric surveys; geothermal energy; McKinley 
County; Valencia County; United States; Zuni Indian 
Reservation; dry hot rocks; demez Linearaent; lineaments; 
structure; deep-seated structures; electrical conductivity; 
explorat ion 
Sect Ion Headings; 18 .(GEOPHYSICS, SOLID EARTH) 

1012887 81-04828 
Reconnaissance electrical surveys In the Coso Range, 

CalIfornia 
dackson, D. B.: O'Donnell, d. E. 
U. S. Geol.' Surv., Denver, Colo.. USA 
Coso geothermal area 
Bacon. C. R.(EDITOR); Duffield. W. A.(EDITOR) 
d. Geophys. Res, 85: B5, 2502-2516p,, 1980 
CODEN: dGREA2 ISSN: 0148-0227 35' REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Illus., geol, sketch map 
Latitude; N354500: N361500 Longitude; Wl173000; W1180000 
Descriptors: •California : geophysical surveys; economic 

geology ; electrical surveys: geotherraal energy; Inyo 
County; United States; Coso Range; Coso Hot Springs; 
geotherraal systeras; direct-current raethods: Earth-current 
surveys; audloraagnetotellurlc methods; exploration; 
resistivity; sounding 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1012885 81-04984 
Observations of a direct current concentration on the 

eastern Sierran Front; evidence for shallow crustal conductors 
on the eastern Sierran Front and beneath the Coso Range 

Towle. d. N. 
U. S. Geol. Surv., Denver, Colo., USA 
Coso geothermal area 
Bacon, C. R.(EDITOR); Duffield, W. A.(EDITOR) 
d. Geophys. Res. 85:.65, 2484-2490p., 1980 

(cont. next page) J O 

nni£G 
,012830 INFORMATION SERVICES. 'NC. 



P R I N T S User ;U0015347 17Dec84 PRINT 1 1 / 5 / 1 - 5 5 4 PAGE; 57 
Itera 234 of 554 

DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

CODEN: dGREA2 ISSN: 0148-0227 13 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages; English 
illus., table, sketch maps 
Latitude; N354500; N361500 Longitude: Wl173000; W1180000 
Descriptors: •California; •Western U.S. ; geophysical 

surveys; economic geology: tectonophysics ; magnetic 
surveys; geothermal energy; crust; Inyo County: United 
States; .Coso Range; Coso Hot Springs; geothermal systems; 
Sierra Neva'da; Sierran Front; upper raantle; mantle; 
electrical conductivity; Induction; resistivity; 
magnetometric resistivity raethods; exploration; 
direct-current methods 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1010833 80-52358 
Moderate-temperature geothermal resource potential of the 

northern Atlantic Coastal Plain 
Lambiase, d. d.; Dashevsky, S. S.; Costain, J . K.; Gleason, 

R. d.: McClung, W. S. 
Va. Polytech. Inst. and State Univ., Dep. Geol. Sci., 

Blacksburg, Va.. USA 
Geology (Boulder) 8: 9, 447-449p., 1980 
CODEN; GLGVBA ISSN: 0091-7613 12 REFS. 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., sketch maps 
Latitude; N330000; N420000 Longitude: W0730000: W0790000 
Descriptors: +Atlantic Coastal Plain; •Eastern U.S. ; 

economic geology: hydrogeology; geophysical surveys ; 
geothermal energy; thermal waters; heat flow; North America 
; Northern Atlantic Coastal Plain; possibilities; 
temperature; geothermal gradient; exploration; well-logging 
; electrical logging; United States 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGV SOURCES) 

1004854 80-47 175 
Detailed gravity and aeromagnetic surveys of the Cove 

Fort-Sulphurdale KGRA and vicinity, Millard and Beaver 
counties, Utah 
Cook, K. L.; Serpa, L. F.; Pe, W. 
Univ. Utah., Dep. Geol. and Geophys., Salt Lake City, Utah, 

USA 
88p,. 1980 
88 REFS. 
Subfile; B 
Doc Type: REPORT Bibliographic Level; MONOGRAPHIC 
Languages: English 
Report No.: IDO/DOE/ET/28392-30 
Availability: U. S. Dep. Energy, Div. Geothermal Energy, 

United States 

illus., tables, geol. sketch map 
Latitude: N381500: N384500 Longitude: W1123000; WI124500 
Descriptors: •Utah ; econoraic geology; geophysical surveys 
: geotherraal energy; surveys; Millard County; Beaver 

County; United States; Cove Fort; Sulphurdale; gravity 
surveys; Bouguer anomalies; magnetic anomalies; resources; 
exploration; grabens; fault zones; geophysical profiles; 
magnetic surveys; Tushar Mountains; Pavant Mountains 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1004853 80-47204 
Detailed gravity and aeromagnetic surveys in the Black Rock 

Desert area, Utah 
Serpa, L. F.; Cook, K. L. 
Univ. Utah. Dep. Geol. and Geophys.. Salt Lake City. Utah. 

USA 
2IOp., 1980 
33 REFS, 
Subfile: 8 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No,: IDO/DOE/ET/28392/39 
Availability: U. S. Dep. Energy. Div. Geothermal Energy. 

United States 
Illus.. tables, sketch maps 
Latitude: N384500; N391500 Longitude: Wi121500; W112450O 
Descriptors; •Utah; •automatic data processing ; economic 

geology; geophysical surveys ; geothermal energy; surveys; 
Millard County; United States; Black Rock Desert: gravity 
surveys; magnetic surveys; Bouguer anomalies; magnetic 
anomalies; resources; exploration; geophysical methods; 
thermal waters; hot springs; Meadow; Hatton; Pavant 
Mountains; airborne methods 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1004 167 80-45009 
Formation evaluation concepts for geothermal resources 
Ehring, T. W.; Lusk, L. A,; Grubb, d. M.; dohnson. R, B,; 

DeVries. M. R.: Fertl. W. H, 
Dresser Ind., Inc., Dresser Atlas Div., Houston, Tex., USA 
Nineteenth annual logging symposium. El Paso, Tex.. United 

States. dune 13-16. 1978 
Soc. Prof. Well Log Anal.. Annu. Logging Symp., Trans. 19, 
14 p.p., 1978 
CODEN: LGSTA6 
Subfile: 8 
Country of Publ.; United States 
Doc Type; SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Illus.. tables, sects., geol. sketch maps 
Latitude: N323000; N420000 Longitude: W1141500; W1243000 
Descriptors: •California; •wel1 - logging; •geothermal energy 
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; geophysical surveys; interpretation; exploration ; 
formation tests; United States; techniques; wells; data; 
equat ions 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

1002642 80-47 174 
Telluric profiles and location map for Vulcan Hot Springs 

known geothermal resource area, Idaho 
Christopherson, K. R.; Senterfit, R. M.; Dalati, M. 
U. S- Geol. Surv., Open-File Rep. 80-518. 4p., 1980 
CODEN: XGROAG 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: U. S. Geol, Surv., Open-File Serv. Sect.. 

Branch Distrib.. Denver, Colo.. United States 
illus.. sketch map 
Latitude: N443000; N444000 Longitude: W1153500: W1154500 
-.Descriptors; •Idaho; •Rocky Mountains ; economic geology; 

hydrogeology; geophysical surveys ; geothermal energy; 
springs; Earth-current surveys; Valley County: United 
States; Vulcan Hot Springs; known geothermal resource areas; 
hot springs; exploration; North Araerica; KGRA 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1000629 80-42140 
Evaluation of Baltazor Known Geothermal Resources Area, 

Nevada 
Isherwood, W, F,; Mabey, 0. R. 
U. S. Geol. Surv., Menlo Park, Calif.. USA 
Proceedings of the ENEL-ERDA workshop on geothermal resource 

assessment and reservoir engineering, Larderello 
Anonymous 
The ENEL-ERDA workshop on geothermal resource assessraent and 

reservoir engineering. Larderello, Italy. Sept. 12-16. 
1977 
Geothermics 7: 2-4, 221-229p., 197B 
CODEN: GTMCAT ISSN; 0375-6505 9 REFS. 
Subfile: B 
Country of Publ.: International 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages; English 
geol. sketch maps 
Descriptors: •Nevada ; economic geology; geophysical 

surveys ; geothermal energy; gravity surveys; United States 
; resources; Baltazor KGRA; magnetic surveys; electrical 
surveys; Western U.S.; hydrogeology; ground water; thermal 
waters; hot springs; aquifers; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1000624 80-42093 
Assessment of geothermal potential of central and southern 

Tuscany 
Cataldi, R.; Lazzorotto, A.; Muffler. P.; Squarci, P.; 

Stefani. G. 
U. S. Geol. Surv,, Menlo Park. Calif., USA 
Proceedings of the ENEL-ERDA workshop on geothermal resource 

assessment and reservoir engineering. Larderello 
Anonymous 
The ENEL-ERDA workshop on geotherraal resource assessraent and 

reservoir engineering. Larderello, Italy. Sept. 12-16. 
1977 
Geothermics 7: 2-4. 91-13lp.. 1978 
CODEN: GTMCAT ISSN: 0375-6505 13 REFS-
Subflle; B 
Country of Publ.: International 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus.. tables, sects., geol. sketch maps 
Latitude: N420000; N44IOOO Longitude: E0120000: E0100000 
Descriptors: •Italy ; economic geology; geophysical 

surveys : geothermal energy; gravity surveys; Europe; 
Tuscany; resources; geologic therraoraetry; thermal waters; 
heat flow; durassic; Mesozoic; Triassic; porosity; 
temperature; exploration 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

1000602 80-42102 
Seismic noise measurements In the Mt. Amiata geothermal 

area, Italy 
Del Pezzo, E.; Guerra, I.; Luongo, G.; Scarpa, R. 
Geotherraics 4: 1-4, 40-43p.. 1975 
CODEN: GTMCAT ISSN: 0375-6505 11 REFS. 
Subfile: B 
Country of Publ.: International 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 

„ Languages: English 
illus., geol. sketch map 
Latitude: N363000; N473000 Longitude: E0190000; E0063000 
Descriptors: •Italy ; geophysical surveys; economic 

geology ; seismic surveys; geothermal energy; Europe; 
Mount Amiata: noise: mathematical raodels; models; 
exploration; anomalies: resources; thermal waters 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

1000596 80-42 124 
Interpretation of gravity surveys In Grass and Buena Vista 

Valleys, Nevada 
Goldstein, N. E.; Paulsson, 8. 
Univ. Calif., Lawrence Berkeley Lab., Berkeley, Calif., USA 
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Geothermics 7: 1, 29-50p., 1978 
CODEN; GTMCAT ISSN; 0375-6505 17 REFS. 
Subfile: B 
Country of Publ.: International 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Illus., sects., geol. sketch maps 
Latitude: N380000: N400000 Longitude: Wl180000: W1200000 
Descriptors: •Nevada ; geophysical surveys; economic 

geology ; gravity surveys; geothermal energy; United States 
; Grass Valley; Buena Vista Valley; Bouguer anomalies; 
basement; faults; seismic surveys; exploration; resources; 
thermal conductivity; resistivity; electrical surveys 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

999772 80-42097 
Ground radon survey of a geothermal area In Hawaii 
Cox, M. E. 
Hawaii Inst. Geophys., Honolulu, Hawaii, USA 
Geophys. Res. Lett. 7: 4, 283-286p., 1980 
CODEN: GPRLAd ISSN: 0094-8276 20 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note; Hawaii Inst. Geophys,; Contrib. No. 988, sketch maps 
Latitude: N1900O0; N193500 Longitude: W154SOOO; W1552500 
Descriptors: •Hawaii; •geophysical methods; •isotopes; 

•radon ; economic geology; geophysical surveys; 
radioactivity methods ; geothermal energy; radioactivity 
surveys; techniques; Rn-222; Pacific Ocean; United States; 
Kilauea; Puna; Pahoa; exploration; ground methods; 
emanations; gases: Rn-220 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

996266 80-36602 
Preliminary petrographic and geophysical Interpretations of 

the exploratory geothermal drill hole and core, Redstone, New 
Hampshire 

Hoag, R. B,, J r . ; Stewart, G, W. 
Univ. N.H., Dep. Earth Sci., Durham. N.H., USA 
121p., 1977 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: COO-2720-1 
Availability: NTIS. Springfield. Va., United States 
Note: Individual papers are cited separately herein, 

illus., tables, sketch maps 
Latitude: N440000; N442000 Longitude: W0712500; W071450O 
Descriptors; •New Hampshire ; economic geology ; 

geothermal energy; uraniura; Carroll County; Conway Granite; 
United States; Redstone: exploration; petrography: cores; 
granite; granite-granodiorite family; igneous rocks; 
volcanic rocks; plutonic rocks; syenite; syenite family; 

lamprophyre; lamprophyre and carbonatite family; 
radioactivity; heat flow; geophysical surveys; ore deposits 
; lithology; temperature; veins; White Mountain; North 
Conway 

Section Headings; 26 .(ECONOMIC GEOLOGY, GENERAL & MINING) 

995689 80-37095 
Detailed gravity and aeromagnetic surveys in the Black Rock 

Desert area, Utah 
Serpa, L. F.; Cook. K. L. 
Univ. Utah. Oep. Geol. and Geophys.. Salt Lake City. Utah. 

USA 
Society of Exploration Geophysicists. 49th annual 

International meeting. New Orleans. La.. United States, 
Nov. 4-8, 1979 

Soc. Explor. Geophys.. Annu. Int. Meet., Abstr. 49. 
106-107p., 1979 
CODEN: SGAMB7 
Subfile; B 
Country of Publ.: United States 
Ooc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N384000; N385000 Longitude: W1124500; W1131000 
Descriptors: •Utah; •Basin and Range Province ; econoraic 

geology: geophysical surveys ; geothermal energy; surveys; 
Millard County; exploration: structure; United States; 
Black Rock Desert: gravity surveys; magnetic surveys: 
airborne methods; geophysical methods; magnetic anomalies; 
gravity anomalies; faults; springs; thermal waters; hot 
sprIngs 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

995688 80-36994 
Inversion of self-potential data from Cerro Prieto 

geothermal field, Mexico 
Fitterman, D. v.; Corwin, R. F. 
U. S. Geol. Surv., Denver, Colo., USA; Univ. Calif., USA 
Society of Exploration Geophysicists, 49th annual 

international meeting. New Orleans, La., United States, 
Nov. 4-8. 1979 

Soc. Explor. Geophys,, Annu, Int. Meet,, Abstr. 49, 
106p., 1979 
CODEN: SGAM87 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N32OO0O; N32400O Longitude: W1150000; Wl160000 
Descriptors: •Mexico; •geophysical methods ; economic 

geology; geophysical surveys; electrical methods ; 
geothermal energy; electrical surveys; Interpretation; 
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exploration; North Araerica; Baja California; Cerro Prieto: 
geothermal fields; self-potential methods; Inverse problem; 
theoretical studies; mathematical raodels; models 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

995686 80-36979 
Induced-polarization measurements at Roosevelt Hot Springs 

thermal area, Utah 
Chu, d. d.; Sill, W, R.; Ward, S. H. 
Univ. Utah, Dep. Geol. and Geophys., Salt Lake City, Utah, 

USA 
Society of Exploration Geophysicists. 49th annual 

international meeting. New Orleans, La., United States, 
Nov. 4-8. 1979 

Soc. Explor. Geophys.. Annu. Int. Meet., Abstr. 49, 
105p., 1979 
CODEN: SGAMB7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N382000; N383500 Longitude: W1125000; Wl130000 
Descriptors: *Utah: •Basin and Range Province; •geophysical 

methods economic geology; geophysical surveys; electrical 
methods ; geothermal energy; electrical surveys; Induced 
polarization; Beaver County; exploration; United States; 
Roosevelt Hot Springs: matheraatical models; models; springs 
; hot springs; thermal waters 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

995683 80-37121 
Two- and three-dimensional magnetotelluric modeling with 

applications to crustal structure and reservoir assessment at 
the Roosevelt Hot Springs KGRA, Utah 
Wannamaker, P. E.: Hohmann, G. W.; Sill, W. R.; Ward, S. H. 
Univ. Utah, Dep. Geol. and Geophys., Salt Lake City, Utah, 

USA 
Society of Exploration Geophysicists. 49th annual 

international meeting. New Orleans, La., United States, 
Nov. 4-8. 1979 

Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 49, 
104p., 1979 
CODEN: SGAMB7 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N382000: N383500 Longitude: Wi125000; W1130000 
Descriptors: •Utah; •Basin and Range Province: •geophysical 

methods ; economic geology: geophysical surveys: 
raagnetotelluric methods: tectonophysics ; geothermal energy; 
magnetotelluric surveys; interpretation; crust: Beaver 
County; exploration; United States; structure; Roosevelt 
Hot Springs; hot springs; springs; thermal waters; 
mathematical models; raodels; two-dimensional models; 
three-dimensional models; theoretical studies; reservoir 
rocks 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

995685 80-36952 
Sonic log waveforms from a geothermal well In Brazoria 

County, Texas 
Backus, M. M.; Castagna, J . ; Gregory, A. R. 
Univ, Tex. at Austin, USA 
Society of Exploration Geophysicists, 49th annual 

international meeting. New Orleans, La., United States, 
Nov. 4-8, 1979 

Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 49, 
105p., 1979 
CODEN: SGAM87 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N284000; N293000 Longitude: W0945500; W0955500 
Descriptors: •Texas; •Gulf Coastal Plain; •wel1 - logging 

economic geology; geophysical surveys; acoustical logging 
geothermal energy; interpretation; Brazoria County 
exploration; United States; North America; waveforms 
spectral analysis; elastic waves; P-waves 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

995682 80-36957 
Stacking and Interval velocities In the lower and upper 

crust by a special reflection seismic survey In the region of 
the Urach geothermal anomaly 
Bartelsen, H.; Meissner, R.; Krey, T.; Schraoll, J . 
Prakla-Seismos, Hanover, DEU 
Society of Exploration Geophysicists, 49th annual 

International raeeting. New Orleans. La.. United States. 
Nov. 4-8. 1979 

Soc. Explor. Geophys., Annu. Int. Meet.. Abstr. 49. 
104p., 1979 
CODEN: SGAMB7 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Latitude: N471500; N500000 Longitude; E0134500; E0063000 
Descriptors: *West Gerraany: •Germany; *geophysica1 methods; 

••seismology ; economic geology; geophysical surveys; 
seismic raethods; crust ; geotherraal energy; seisraic surveys 
; Interpretation; P-waves; exploration; Europe; Urach; 
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elastic waves; velocity; stacking 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

995681 80-3502 1 
A comparison of electromagnetic and magnetotelluric surveys 
Morrison, H. F.; Goldstein, N. F.; Hoversten, G. M. ; Wilt. 

M.; Mozley, E. 
Univ. Calif., Eng. Geosci., Berkeley, Calif., USA 
Society of Exploration Geophysicists, 49th annual 

international raeeting. New Orleans, La.. United States. 
Nov. 4-8, 1979 

Soc. Explor. Geophys,, Annu, Int, Meet,, Abstr, . 49, 
103-104p,, 1979 

CODEN: SGAMB7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Latitude: N452500; N452500 Longitude: W1214000; W1214000 
Descriptors: •Oregon; •geophysical methods; •Pacific Coast 

; geophysical surveys; methods; econoraic geology ; surveys; 
interpretation; geotherraal energy; Clackamas County; Hood 

River County; exploration; Mount Hood; United States; 
electromagnetic surveys; magnetotelluric surveys; 
magnetotelluric methods; electromagnetic methods 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

995679 80-37 125 
Resistivity studies at the Cerro Prieto geothermal field, 

Baja California, Mexico 
WiIt, M.; Goldstein, N. E. 
Lawrence Berkeley Lab., Berkeley, Calif., USA 
Society of Exploration Geophysicists. 49th annual 

International meeting. New Orleans, La., United States, 
Nov. 4-8, 1979 

Soc. Explor. Geophys.. Annu. Int. Meet., Abstr. 49, 
102-103p., 1979 
CODEN: SGAMB7 
Subfile; B 
Country of Publ.; United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N320O00; N32400O Longitude: Wl150000; W1160000 
Descriptors: •Mexico; •geophysical methods ; economic 

geology; geophysical surveys; electrical methods 
geothermal energy; electrical surveys; resistivity 
exploration; North America; Baja California; Cerro Prieto 
geothermal fields; dipole-dipole arrays; Schlumberger 

raethods; direct-current methods 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGV SOURCES) 

995678 80-37059 
Geophysical evaluation of the Las Alturas Estates, New 

Mexico geothermal prospect 
Morgan, P.; Swanberg. C. A.; Dicey. T.: Chaturvedi. L.; 

diracek. G, R. 
N.M, State Univ,, Earth Sci. and Phys.. Las Cruces. N.M., 

USA; Univ. N.M.. USA 
Society of Exploration Geophysicists. 49th annual 

international meeting. New Orleans. La.. United States, 
Nov. 4-8, 1979 

Soc. Explor. Geophys., Annu, Int. Meet.. Abstr. 49. 
102p.. 1979 
CODEN: SGAMB7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N320000; N330000 Longitude: W1062O0O; W1070000 
Descriptors; •New Mexico; •geophysical methods ; econoraic 

geology; geophysical surveys; electrical methods ; 
geothermal energy; electrical surveys; resistivity; 
exploration; United States; Las Alturas Estates: Dona Ana 
County: thermal waters: heat flow; geotherraal gradient 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

995676 80-37134 
Deep Schlumberger soundings for geothermal exploration at 

INEL, Snake River plain, Idaho 
Zohdy, A. A. R.; Bisdorf, R. d. 
U. S. Geol. Surv., Denver, Colo., USA 
Society of Exploration Geophysicists, 49th annual 

International raeeting. New Orleans. La.. United States, 
Nov. 4-8. 1979 

Soc. Explor. Geophys.. Annu. Int. Meet.. Abstr. 49. 
101-102p., 1979 
CODEN: SGAMB7 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Latitude; N432500; N435500 Longitude; W1123500; W11320O0 
Descriptors: •Idaho; •geophysical raethods ; economic 

geology; geophysical surveys; electrical methods ; 
geothermal energy; electrical surveys; resistivity; Butte 
County; Bingham County; defferson County; exploration; 
United States; Snake River plain; Idaho National Engineering 
Laboratory; Schlumberger methods; deep sounding 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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995675 80-35049 
3-D DC resistivity Inversion using alpha centers 
Petrick. W. R.; Sill, W. R.; Ward, S. H. 
Univ. Utah. Dep. Geol. and Geophys.. Salt Lake City. Utah. 

USA 
Society of Exploration Geophysicists. 

international meeting. New Orleans. La., 
Nov. 4-8, 1979 

Geophys.. Annu. 

49th annual 
United States, 

Int. Meet. Abstr. 49. 

United States 
CONFERENCE PUBLICATION Bibliographic 

Soc. Explor. 
lOlp.. 1979 • 
CODEN: SGAMB7 
Subfile: 8 
Country of Publ 
Doc Type: SERIAL; 

Level: ANALYTIC 
Languages: English 
Descriptors: +geotherraal energy; *metals; •geophysical 

methods; •mineral exploration; •automatic data processing ; 
exploration; electrical methods; geophysical surveys ; 
resistivity; sulfides; ore deposits; three-dimensional 
models; models; Inverse problem: alpha centers; computer 
programs; electrical conductivity 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

995605 80-35139 
Deep resistivities under 

magnetotelluric sounding 
Wojniak, W. S.; Sumner, J . S. 
Univ. Ariz., Dep. Geosci., Tucson, Ariz. 
Society of Exploration Geophysici 

international meeting. New Orleans, 
Nov. 4-8. 1979 

Soc. Explor. Geophys., Annu. Int. Meet.. 
1979 
CODEN: SGAM87 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL; CONFERENCE 

Level: ANALYTIC 
Languages: English 
Latitude: N321000; N322500 Longitude: 
Descriptors; •Arizona ; geophy 

magnetotelluric surveys; Pima County; Un 
; electrical properties; resistivity; 
upper maritle: mantle; crust; possib 
energy; petroleum 

Section Headings: 20 .(GEOPHYSICS, APPLI 

Tucson, Arizona from 

, USA 
sts. 49th annual 
La., United States. 

Abstr. 49. 70p. 

PUBLICATION Bibliographic 

Wi105000: W1110500 
sical surveys ; 
Ited States; Tucson 
low-velocity zones; 

IIities; geothermal 

ED) 

995603 80-36939 
The Investigation of anomalous magnetization in the Raft 

River valley, Idaho 
Anderson, L. A.; Mabey, D. R. 
U. S. Geol. Surv., Denver, Colo.. USA 

Geophysicists. 
La. , New Orleans, 

Annu. Int. Meet Abstr. 

49th 
United 

49. 

annual 
States, 

69p. , 

PUBLICATION Bibliographic 

Society of Exploration 
international raeeting, 
Nov, 4-8. 1979 

Soc. Explor. Geophys. 
1979 
CODEN: SGAMB7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE 

Level; ANALYTIC 
Languages: English 
Latitude: N420000; N424000 Longitude: Wl130000; Wl135000 
Descriptors; •Idaho ; economic geology; geophysical 

surveys ; geothermal energy; raagnetic surveys; Cassia 
County: United States; Raft River basin: ground raethods; 
geophysical methods; magnetic anomalies; exploration; 
gravel; clastic sediments; magnetic properties; 
paleomagnetisra; raagnetic susceptibility; Isotherraal remanent 
magnetization; remanent raagnetization 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

988980 80-31938 
Inversion of combined geophysical data for determination of 

structure beneath the ImfJerlal Valley geothermal region; final 
report, I September 1976 - 31 August 1977 

Savino, d. M. ; Rodi, W. L.: Goff, R. C ; dordan, T. H. ; 
Alexander, d. H.; Lambert, D, G, 

Syst.. Sci. and Software. La dolla. Calif.. USA 
82p., 1977 
23 REFS. 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: SAN-1313-1; SSS-R-78-3412 
Availability: NTIS. Springfield. Va.. United States 
Illus.. sketch maps 
Latitude; N324000; N3330O0 Longitude; W1I51500: Wl161500 
Descriptors: •California ; economic geology ; geothermal 

energy; Imperial County; United States; Imperial Valley; 
geophysical surveys; sediments; thickness: gravity surveys; 
seismic surveys; mathematical models; models; Salton Basin 
; Salton Trough; exploration 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

987543 80-31993 
Magnetotelluric soundings across the Pemberton volcanic 

belt, British Columbia 
Dragert, H.; Law, L. K.; Sule, P. 0. 
Pac, Geosci, Cent., Sidney, B.C., CAN; Univ. B.C. 
Can. d. Earth Sci, 17: 2, 161-167p,, 1980 
CODEN: CdESAP ISSN: 0008-4077 23 REFS. 
Subfile: 8 
Country of Publ.; Canada 
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Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages; English Summary Languages; French 
Note: Can., Earth Phys. Branch: Contrib. No, 830. illus.. 

sketch map 
Latitude: N490000; N510000 Longitude: W1210O00; W1250000 
Descriptors: •British Columbia; •Canada ; economic geology; 
geophysical surveys; tectonophysics ; geothermal energy; 

raagnetotelluric surveys; crust; Canadian Cordillera; Meager 
Creek; Peraberton volcanic belt; exploration; structure; 
electrical conductivity; volcanic belts; plutons; 
intrusions; Miocene; Neogene; Tertiary 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

987014 80-29831 
Low-altItute aeromagnetic survey of a portion of the Coso 

Hot Springs KGRA; Inyo County, California 
Fox, R. C. 
I7p.. 1978 
9 REFS. 
Subfile: 8 
Doc Type; REPORT; MAP Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: IDO-1601-2 
Availability; NTIS. Springfield, Va. , United States 
Illus., tables, sketch maps; 1:59.055; magn. surv, raaps 
Latitude: N360000; N370000 Longitude; W1160000; Wi180000 
Descriptors: •California ; geophysical surveys; economic 

geology ; magnetic survey maps;- geothermal energy; Inyo 
County; United States; Coso Hot Springs KGRA; raaps; 
magnetic surveys; airborne methods; geophysical methods; 
anomalies; exploration; structure 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

986485 80-27301 
Reconnaissance geophysics in the Clifton and Gillard 

geothermal areas, SE Arizona 
Klein, D.; Long. C ; Christopherson. K.; Boler, F. 
U, S. Geol. Surv.. Open-File Rep. 80-325. 21p,, 1980 
CODEN: XGROAG 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: U. S. Geol, Surv.. Open-File Serv. Sect., 

Branch Distrib.. Denver, Colo.. United States 
Latitude: N323000; N343000 Longitude: W1090300; W1093000 
Descriptors; •Arizona; •Southwestern U.S. ; economic 

geology; geophysical surveys ; geothermal energy; surveys; 
Greenlee County; United States; Clifton; Gillard; 
explorat ion 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

986198 80-27279 
Geothermal studies and exploration In Oregon 
Bowen, R, G,: Blackwell. D- D.; Hull, D, 
65p., 1975 
Subfile: B 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages; English 
Availability: Oreg, Dep. Geol. and Miner. Ind.. Portland, 

Oreg., United States 
Note; Draft final report Includes reprints, illus.. 

tables, sketch maps 
Descriptors: •Oregon ; economic geology: geophysical 

surveys ; geothermal energy; heat flow; United States; 
exploration: anoraalies; boreholes; teraperature; geothermal 
gradient; Cow Hollow; Willow Creek; dacobsen Gulch; Trout 
Creek; Coyote Buttes; Glass Buttes 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

986155 80-27356 
Geophysical exploration of geothermal resources in the 

eastern United States 
Anonyraous 
Evaluation and targeting of geothermal energy resources In 

the southeastern United States; progress report, October 1, 
1978-March 30, 1979 
Costain, d. K.; Glover, L.. Ill; Sinha, A. K. 
C.4-C.12p., 1978 
Subfile; B 
Doc Type: REPORT Bibliographic Level; ANALYTIC 
Languages: English 
Report No.: VPI-SU-5648-5 
Availability: NTIS. Springfield, Va., United States 
Illus., sketch raaps 
Latitude; N3IOOOO; N4 2OO00 Longitude: WO7500OO; W0850000 
Descriptors: •Atlantic Coastal Plain; •Eastern U.S.: 

•Virginia; •North Carolina; •Delaware; •New dersey; •South 
Carolina ; economic geology; hydrogeology; geophysical 
surveys ; geothermal energy; thermal waters; heat flow; 
North America; exploration; resources; United States; heat 
sources; radioactivity; magnetic surveys; gravity surveys; 
hot springs: temperature 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

985913 80-24746 
Geothermal gradients and heat flow 
Costain, d. K.; Perry, L. D.; Dunbar, J . A. 
Evaluation and targeting of geothermal energy resources in 

the southeastern United States; progress report, duly 
1-September 30, 1977 
Costain, d. K.; Glover, L.. Ill; Sinha, A. K. 
C2-C14p., 1977 
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Subfile: B 
Doc Type: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No.: VPI-SU-5103-5 
Avanability: NTIS, Springfield, Va. , United States 
illus., tables, sketch maps 
Latitude; N250000; N380000 Longitude; W0750000; W0900000 
Descriptors: 'Eastern U.S. : geophysical surveys ; heat 

flow; United States; southeastern United States: geothermal 
gradient: geothermal energy; possibilities; resources; 
explorat ion 

Section Headings; 18 .(GEOPHYSICS, SOLID EARTH) 

983263 80-27336 
Evaluation of intermediate-period seismic waves as a 

geothermal exploration tool 
Daniel, R. G. 
Stanford Univ., Stanford, Calif.. USA 
unknownp., 1979 
Subfile: 8 
Degree Level: Doctoral 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Latitude: N441000; N450000 Longitude: W1100000; Wl1IOOOO 
Descriptors: *Wyom1ng; *se1smology; •geotherraal energy 

geophysical surveys; experimental studies: exploration 
seismic surveys; Rayleigh waves; methods; United States 
Yellowstone caldera; velocity; Uganda; Africa 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

982810 8O-24708 
Velocity structure to 3,000-meter depth at the Idaho 

National Engineering Laboratory, eastern Snake River plain 
Ackermann, H. D. 
U. S. Geol. Surv., Denver, Colo., USA 
American Geophysical Union; 1979 fall annual raeeting, San 

Francisco. Cal1f. . • United States. Dec 3-7. 1979 
Eos (Am. Geophys. Union, Trans.) 60: 46. 942p., 1979 
CODEN: EOSTAd ISSN: 0096-394 1 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages; English 
Latitude: N433000; N440000 Longitude: W11245O0; Wl132000 
Descriptors; •Idaho; •seismology: •Western Interior ; crust 

; geophysical surveys; economic geology ; seisraic surveys; 
velocity structure; geothermal energy; Butte County; 

United States; Snake River plain; Yellowstone National Park; 
Wyoming; reflection raethods; seismic raethods; refraction 

methods: North America; 1978; Arco; Idaho National 
Engineering Laboratory; exploration; wel1 - logging; tuff; 
pyroclastics and glasses; rhyodacite: andesite-rhyolite 
family; structure 

Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

981851 80-22529 
Bulk density and magnetize 

Range, California 
Plouff, D.; Isherwood, W. F.; 

Van Buren, H. M. 
U. S. Geol. Surv.. Open-File 
CODEN: XGROAG 
Subfile: B 
Country of Publ.: United Stat 
Doc Type: SERIAL; REPORT 81 
Languages: English 
Availability: U. S. Geol. 

Branch Distrib.. Denver, Colo.. 
I Ilus. 
Latitude: N354500; N361500 
Descriptors: •California : 

surveys : geothermal energy; 
States; Coso Range: gravit 
surveys: exploration 
Section Headings: 29 ,(ECONOM 

tion measurements near the Coso 

Bacon. C. R.; Duffield, W, A.; 

Rep. 80-61. 6p., 1980 

es 
blIographic Level: MONOGRAPHIC 

Surv., Open-File Serv. Sect., 
United States 

Longitude: W11730OO; W1180000 
economic geology; geophysical 
surveys; Inyo County; United 

y surveys; density; raagnetic 

IC GEOLOGY, ENERGY SOURCES) 

980421 80-22538 
Aquarius Mountain area, Arizona; a possible HDR prospect 
West, F. G.; Laughlin. A. W. 
Los Alamos Sci. Lab.. Los Alamos, N.M.. USA 
Los Alamos Sci. Lab.. [Rep.) LA-7804-MS, lip., 1979 
CODEN: LASLCA 64 REFS. 
Subfile; 8 
Country of Publ.: United States 
Doc Type: SERIAL; REPORT Bibliographic Level; MONOGRAPHIC 
Languages: English 
Availability: NTIS, Springfield. Va., United States 
illus., sketch maps 
Latitude: N344000; N354000 Longitude: W1123000; W1142000 
Descriptors: •Arizona ; economic geology; geophysical 

surveys ; geothermal energy: surveys; United States; 
Aquarius Mountain; dry hot rocks; exploration; gravity 
surveys; electromagnetic surveys; seismic surveys; magnetic 
surveys; airborne methods; geophysical methods; heat flow 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

976729 80-17527 
Mineral resources of the Du Noir Addition, 

Wilderness, Fremont County, Wyoming 
Prostka, H. d,; Antweiler, d. C ; Bieniewski, C. L 
U. S. Geol. Surv., U. S. Bur. Mines, USA 
U. S. Geol, Surv.. Bull. 1472, 35p., 1979 
CODEN: XGL8AF 
Subfile: 8 
Country of P u b l . : Un i ted States 

Washak1e 
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Doc Type: SERIAL Bibliographic Level: MONOGRAPHIC 
Languages: English 
Note: With a section on aeromagnetic survey by Klelnkopf, M. 

0.; studies related to wilderness, study areas; supersedes 
Open-file report 74-133, 

Latitude: N423000: N440000 Longitude: W1073000: Wl100500 
Descriptors: •Wyoming; •Rocky Mountains ; economic geology 
; mineral resources; Fremont County; United States; 

Absaroka volcanic field; Washakie Wilderness; Du NoIr 
Addition; magnetic surveys; geophysical surveys; airborne 
methods; geophysical methods; volcanism; pyroclastics; 
clastic rocks; Eocene; Paleogene; Tertiary; Du Noir 
Anticline; anticlines; folds; mineral exploration; energy 
sources; geothermal energy; North America 
Section Headings: 26 .(ECONOMIC GEOLOGY, GENERAL S MINING) 

Surface self-potential distributions as indicators of 
subsurface geothermal activity 
Morrison, H. F.(investigator) 
U. S. Geol. Surv., Prof. Pap. 1150. 198-199p,, 1979 
CODEN: XGPPA9 
Subfile; 8 
Country of Publ,: United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors: •geothermal energy; •geophysical methods; 

•automatic data processing ; exploration: electrical methods 
: geophysical suryeys ; self-potentlal methods; computer 
prograras 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

972162 80-13460 
Reconnaissance geophysics of a known geothermal resource 

area, Weiser, Idaho, and Vale, Oregon 
Long, C. L.; Kaufraann, H. E, 
U, S. Geol. Surv., Denver, Colo., USA 
Geophysics 45: 2, 312-322p., 1980 
CODEN; GPYSA7 ISSN: 0016-8033 7 REFS, 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Illus., geol. sketch map 
Latitude: N434500; N443000 Longitude: Wl163000; Wl173000 
Descriptors: •Idaho; •Oregon ; geophysical surveys; 

economic geology ; electrical surveys; geothermal energy; 
Washington County; Malheur County; United States; Weiser 
KGRA; Vale KGRA; springs; hot springs: thermal waters; 
audiomagnetotelluric methods; Earth-current surveys; 
magnetotelluric surveys; exploration; electromagnetic field; 
resist ivi ty 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

967406 80-09587 
3-D Q -1 model of Coso Hot Springs, KGRA 
Young. C. v.; Ward, R. W. 
Univ. Tex. at Dallas. Cent. Energy Stud.. Richardson, Tex., 

USA 
American Geophysical Union; 1979 spring annual meeting, 

Washington, D.C. United States. May 28-dune 1, 1979 
Eos (Ara. Geophys. Union, Trans.) 60: 18, 398p., 1979 
CODEN: EOSTAd ISSN: 0096-394 1 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
Latitude: N323000; N420000 Longitude: W114 1500: W1243000 
Descriptors: •California; •Pacific Coast ; economic geology 

; hydrogeology; geophysical surveys ; geotherraal energy; 
springs; seismic surveys: therraal waters; United States; 
Coso Hot Springs KGRA; hot springs; elastic waves; P-waves; 
teleseisralc signals; three-diraensional models; models; 0; 
seismology: attenuation; anoraalies: crust: upper raantle: 
mantle; exploration; passive raethods; geothermal systems 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

965597 80-09547 
Geothermal fields of Taupo volcanic zone. New Zealand 
Panda. P. K. 
Geoviews 5: 1-2, 51-86p., 1979 
122 REFS. 
Subfile: B 
Country of Publ.: India 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Illus., tables, geol. sketch maps 
Latitude: S393000; S373O0O Longitude: E1773000: E175O00O 
Descriptors: •New Zealand ; economic geology ; geotherraal 

energy; Australasia; Taupo volcanic zone; North Island; 
geothermal fields; areal geology; petrology; volcanism; 
geophysical surveys: tectonics: gravity surveys; Bouguer 
anoraalies; raagnetic surveys; resistivity; volcanic rocks; 
exploration; methods; seismic surveys; geochemistry; 
electrical surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

964080 80-084 12 
Geotechnical aspects of resource location 
Lindsay, D. R. 
Shell Oil Co., Houston, Tex., USA 
Geothermal environmental seminar, '78 
Tucker, F. L.(EDITOR); Tanner, L. R.(EDITOR) 
Geothermal environmental seminar; '78, Sacramento, Calif. 
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United States, May 9-11, 1978 
Publ: Environ. Syst. and Serv. 
98-103p., 1978 
24 REFS. 
Subfile: B 
Country of Publ.; United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
sketch maps 
Latitude: N323000; N420000 Longitude: W1141500; W1243000 
Descriptors; •California ; geophysical surveys ; surveys; 

geothermal energy; United States; gravity anoraalies; The 
Geysers; Clear Lake; chemical coraposition; ground water; 
fumaroles; heat flow; resistivity: models; microseisms; 
techniques; resources; exploration; electrical surveys; 
gravity surveys 

Section Headings: 22 .(ENGINEERING S ENVIRONMENTAL GEOLOGY) 

963097 80-05650 
Developments In upper Gulf Coast of Texas In 1978 
Hartzell. S. P.; Trautman. T, A. 
Amoco Prod, Co.. Houston, Tex., USA 
Ara. Assoc. Pet. Geol., Bull. 63; 8, 1223-1232p.. 1979 
CODEN; AAPGBS ISSN: 0149-1423 1 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Illus.. tables, sketch map 
Latitude: N280000: N320O00 Longitude: W0930000; W0973000 
Descriptors: *Texas: *Gulf Coastal Plain; •Gulf of Mexico ; 

economic geology ; petroleum; natural gas; oil and gas 
fields; exploration; drilling; production; data; 
discoveries; United States; North America; Cretaceous; 
Mesozoic; Ollgocene: Paleogene; Tertiary; Cenozoic; 
onshore; offshore; seismic surveys; geophysical surveys; 
geothermal energy 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

961584 80-056 14 
Study of the applicability of the geochemistry of gases In 

geothermal prospection 
D'Amore, F. 
Seminar on geothermal energy 
Anonymous 
Seminar on geothermal energy, Brussels, Belgium, Dec. 

6-8, 1977 
Publ; Commission European Coraraunities, Dir. Gen., Sci. and 

Tech. Info, and Info. Manage. 
441-453p.. 1977 
12 REFS. 
Subfile: B 
Country of Publ.: Luxerabourg 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level : ANALYTIC 
Languages: English 
11lus., tables 
Descriptors: •heat flow; •thermal waters; •geothermal energy 
; geothermal gradient; geochemistry; exploration 

measurement; raethods; hydrogeology; geophysical surveys 
therraodynamics; matheraatical models; models; oxygen 
fugacity; Larderello; Italy: Europe; sulfur; gases 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

961555 80-05574 
Shallow magmatic reservoirs as heat source of geothermal 

systems; preliminary interpretation of data available for the 
Neapolitan active volcanic areas 

Barberi, F.; Innocenti. F.; Luongo. G.: Nunzlata. C ; 
Rapolla, A. 
Seminar on geothermal energy; first results of projects 

funded by the European communities 
Anonymous 
Seminar on geotherraal energy. Brussels, Belgium, Dec 

6-8, 1977 
Publ: Comra. Eur. Communities 
19-37p., 1977 
16 REFS. 
Subfile; B 
Country of Publ.: Luxembourg 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus., sketch maps 
Latitude: N4OO0OO; N440000 Longitude: EO170000; EOlOOOOO 
Descriptors; •Italy; •magmas ; economic geology; 

temperature ; geothermal energy; Europe; heat flow; heat 
sources; exploration; geophysical surveys; Apennines; 
Mesozoic; Phanerozoic; thermal anomalies; Naples 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

961221 80-04112 
Megnetotelluric studies In Grass Valley, Nevada 
Morrison, H. F.; Lee, K. H.; Oppliger, G.; Dey. A. 
Univ. Calif., Lawrence Berkeley Lab., Berkeley, Calif., USA 
Lawrence Berkeley Lab., [Rep.]. LBL 8646, 50p.. 1979 
22 REFS. 
Subfile; 8 
Country of Publ.: United States 
Ooc Type; SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: UC-666 
Availability; NTIS. Springfield. Va. , United States 
Note; With appendix (110 pages). illus.. table, geol. 

sketch map 
Latitude: N402800: N404500 Longitude: W1173000; W1175200 
Descriptors: •Nevada ; geophysical surveys ; 
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magnetotelluric surveys; United States; Grass Valley; 
resistivity; instruments; magnetometers; Leach hot springs; 
interpretation; mathematical raodels; models; geothermal 

systems; geotherraal energy; exploration; hot springs; 
geophysical methods 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

960237 80-01649 
Evaluation of intermediate-period seismic waves as a 

geothermal exploration tool 
Daniel, R. G. 
Stanford Univ., Stanford, Calif., USA 
143p., 1979 
Subf ile: 8 
Degree Level: Doctoral 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: Univ. Microfilras 
Latitude: N441000; N450000 Longitude: W10950O0; Wl110500 
Descriptors: •Wyoming; *Rocky Mountains; •seismology; 

•geophysical methods ; economic geology; geophysical surveys 
; crust; seismic methods ; geothermal energy; seismic 
surveys; low-velocity zones; applications; Park County; 
Teton County; United States; Yellowstone National Park; 
exploration; elastic waves; upper mantle; mantle; field 
studies; recording; seisraometers; S-waves: Rayleigh waves; 
teleseismic signals; earthquakes: passive methods; 

velocity; partial melting; North America; 
intermediate-period waves 
Section Headings; 20 .(GEOPHYSICS. APPLIED) 

959736 80-02698 
Comments on ''Exploration methods for hot dry rock'' 
Solomon, S. C. 
Mass. Inst. Technol.. Cambridge, Mass., USA 
Los Alamos Sci. Lab., [Rep.] 6659. 53-54p., 1977 
CODEN: LASLCA 1 REFS. 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL; REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No.: UC-666 
Availability: NTIS. Springfield. Va.. United States 
Descriptors: •geotherraal energy : exploration ; raethods; 

hot dry rocks; geophysical surveys; site exploration; 
seisraic surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

959728 80-02636 
Residual Bouguer gravity anomaly analysis of Arizona and hot 

dry rock exploration 
Aiken, C. 
Tex. Christ. Univ., Ft. Worth, Tex., USA 

Los Alamos Sci. Lab., [Rep.] 6659. 28-31p., 1977 
CODEN: LASLCA 
Subfile: B 
Country of Publ.; United States 
Doc Type: SERIAL: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No.: UC-666 
Availability: NTIS, Springfield. Va.. United States 
11lus. 
Latitude: N311500; N370000 Longitude: W1090000; W1150000 
Descriptors: •Arizona ; economic geology; geophysical 

surveys ; geothermal energy; gravity surveys; United States 
; Bouguer ariomalies; gravity anomalies; interpretation; 
exploration: hot dry rocks 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

952183 79-36375 
Toward assessing the geothermal potential of the demez 

Mountains volcanic complex; a telluric-magnetotelluric survey 
Hermance, J . F , 
Los Alamos Sci. Lab., [Rep.] 7656. 86p., 1979 
CODEN: LASLCA 
Subfile; B 
Country of Publ.: United States 
Doc Type; SERIAL: REPORT Bibliographic Level: MONOGRAPHIC 
Languages; English 
Availability: NTIS, Springfield. Va.. United States 
illus., tables, sketch maps 
Latitude: N350000: N370000 Longitude: W1043000: W1083000 
Descriptors: •New Mexico ; economic geology; geophysical 

surveys ; geothermal energy; magnetotelluric surveys; 
Sandoval County; United States; demez Mountains; 
exploration; possibilities; interpretation; volcanic rocks; 
igneous rocks 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

952 180 79-36398 
A time domain survey of the Los Alamos region. New Mexico 
Williston. McNeil and Associates, Lakewood, Colo., USA 
Los Alamos Sci. Lab., [Rep.] 7657, 32p.. 1979 
CODEN: LASLCA 
Subfile: B 
Country of Publ.: United States 
Ooc Type: SERIAL; REPORT: MAP Bibliographic Level; 

MONOGRAPHIC 
Languages: English 
Availability: NTIS, Springfield, Va., United States 
illus., tables; 1:24,000; electromagn. surv. maps 
Latitude; N354700; N355700 Longitude: W1061000; W1O22230 
Descriptors: •New Mexico ; economic geology; geophysical 

surveys ; geothermal energy; electromagnetic surveys; Los 
Alamos County; United States; Los Alamos; time-domain 
analysis; resistivity; exploration; maps; electromagnetic 
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survey maps; temperature; thermal waters; depth 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

950153 79-34624 
Seismic array noise studies at Roosevelt Hot Springs, Utah 

geothermal area 
Douze, E. J . ; Laster, S. d. 
Univ. Tulsa. Earth Sci. Oep., Tulsa, Okla., USA 
Geophysics 44; 9. 1570-1583p., 1979 
CODEN; GPVSA7 ISSN: 0016-8033 10 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages; English 
illus., sketch map 
Latitude; N382000; N383500 Longitude: W1125000; W1130000 
Descriptors: •Utah; •geophysical raethods ; geophysical 

surveys; econoraic geology; seismic methods ; seismic 
surveys; geothermal energy; interpretation; Beaver County; 
United States; Roosevelt Hot Springs; KGRA; techniques: 

noise: arrays; seismometers: theoretical studies; 
mathematical raodels; raodels: exploration; geotherraal 
systems; thermal waters; springs; hot springs 
Section Headings: 20 .(GEOPHYSICS, APPLIED) 

950127 79-34369 
Structure of tbe lower East Rift Zone of Kilauea Volcano, 

Hawaii, from seismic and gravity data 
Broyles. M. ; Suyenaga, W.; Furumoto, A. S. 
Hawaii Inst. Geophys., Honolulu. Hawaii, USA 
J. Volcanol. Geotherm. Res. 5; 3-4, 317-336p., 1979 
CODEN: dVGRDO ISSN: 0377-0273 24 REFS. 
Subfile: 8 
Country of Publ.: Netherlands 
DOC Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note: Hawaii Inst. Geophys.; Contrib. No. 934, illus., 

tables, sketch maps 
Latitude: N191500; N192500 Longitude: W1550500; W1552000 
Descriptors: •Hawaii; •volcanology; •intrusions; +magmas ; 

geophysical surveys; volcanoes; dikes; properties ; 
seismic surveys; Kilauea; distribution; magma charabers; 
Pacific Ocean; United States; East Rift Zone; structure; 
refraction methods; seisraic raethods; anomalies; 1976; 1977 
; lava; rift zones; geothermal systems; geothermal energy; 
exploration; Bouguer anomalies 
section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

947453 79-31211 
Papers of the Fifty-third annual conference and exhibition 

of the Society of Petroleum Engineers of AIME 
Anonymous 
Fifty-third annual conference and exhibition of the Society 

of Petroleum Engineers of AIME, Houston, Tex., United States 

October 1-3, 1978 
Soc. Pet. Eng. AIME, Annu. Fall Tech. Conf. Exhib,. Pap. 53 

1400p-, 1978 
Subfile: 8 
Country of Publ,: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: MONOGRAPHIC 
Languages: English 
Note: Selected papers cited separately; SPE7400-7499, 

SPE7500-SPE76O9. illus., tables, sects. 
Latitude: N180000; N720000 Longitude; W0670000; El700000 
Descriptors: •symposia; •wel1 - logging: •rock mechanics 

engineering geology; acoustical logging; experimental 
studies ; petroleum engineering; boreholes; anisotropy; 
United States; geophysical surveys; seismic surveys; 
ecoriomic geology: petroleum; natural gas: exploration; 
hydrogeology; ground water; shorelines: hydraulics; 
geothermal energy; equations; fractures 

Section Headings: 22 .(ENGINEERING & ENVIRONMENTAL GEOLOGY) 

941179 79-26299 
Magnetic and gravity surveys; Surigao geothermal field 
Agulla, L. G. 
Philipp. Coram. Volcanol., COMVOL Newsl. 9: 5-6, 7p., 

1977 
CODEN: COLEOM ISSN: Ol15-1215 8 REFS. 
Subfile; 8 
Country of Publ.; Philippines 
Doc Type; SERIAL Bibliographic Level: MONOGRAPHIC 
Languages: English 
sketch maps 
Latitude: N092000; N09450O Longitude: E1254000; E1252500 
Descriptors: •Philippine Islands ; geophysical surveys; 

economic geology ; surveys; geothermal energy; Asia; 
Surigao Field; raagnetic surveys; gravity surveys; 
geotherraal fields; exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

9407 19 79-26323 
The Hawaii Geothermal Project; summary report of phase I 
Shupe. d. W.(director) 
Univ. Hawaii. Hawaii Geotherra. Proj., Hawaii, USA 
Publ: Univ. Hawai1 
155p., 1975 
50 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: BOOK Bibliographic Level: MONOGRAPHIC 
Languages: English 
illus,, tables, geol. sketch maps 
Latitude: N190000; N283000 Longitude; W15500O0; W1790000 
Descriptors; •Hawaii ; economic geology; geophysical 

surveys ; geotherraal energy; surveys; Pacific Ocean; 
(con t . next page) J O 
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United States: magnetic surveys; equations; engineering 
geology; models: management; drilling; exploration; 
electrical surveys; anomal.ies; sounding; resistivity: 
gravity surveys: temperature; geochemistry 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

939814 79-22219 
Gravity and ground magnetic surveys of the Thermo Hot 

Springs KGRA region, Beaver County, Utah 
Sawyer, R. F. 
Univ. of Utah, Salt Lake City, Utah. USA 
unknownp., 1977 
Subfile: B 
Degree Level: Master's 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Latitude: N382000: N383000 Longitude: Wl130000; W1131000 
Descriptors: •Utah; •Western U.S.; 'geophysical methods ; 

geophysical surveys; economic geology; methods ; surveys: 
geothermal energy; Interpretation; Beaver County; United 
States; Thermo Hot Springs KGRA; gravity surveys; magnetic 
surveys; ground methods; Milford; Bouguer anomalies; 
geophysical maps; maps; faults; gravity methods; magnetic 
methods; structure; thermal waters; springs; hot springs; 
geotherraal systems; exploration 
Section Headings; 20 .(GEOPHYSICS, APPLIED) 

939687 79-23537 
Geothermal Investigation of the lake district, Ethiopia 
McEuen, R. B.; Abakoyas. d. 
San Diego State Univ., Dep, Geol. Sci., San Diego, Calif., 

USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geotherraal Resources Council annual meeting, San Diego, 

Calif., United States, May 9-11. 1977 
Publ; Geothermal Resour. Counc. 
208-210p., 1977 
1 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
plate, sketch map 
Latitude; N070000; N090000 Longitude: E04IOOOO: E0430000 
Descriptors: •Ethiopia ; economic geology: geophysical 

surveys ; geothermal energy; surveys; Africa; exploration; 
Lake Langano; resistivity; gravity surveys; resources; 

distribution; controls; structural controls; faults; Red 
Sea Rift; rift zones; Gulf of Aden Rift; Ethiopian Rift; 
electrical surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

939685 79-23533 
Lake bottom thermal gradient survey at Clear Lake and Mono 

Lake, California 
Martin, R. C ; Welday, E. E. 
Calif. State Lands Div., Long Beach, Calif., USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geothermal Resources Council annual meeting, San Diego, 

Calif., United States, May 9-11, 1977 
Publ: Geothermal Resour. Counc. 
201-203p., 1977 
Subfile: 8 
Country of Publ.: United States 
Doc Type; BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Illus.. sketch maps 
Latitude: N385500: N391000 Longitude: W1224000; W1225500 
Descriptors: •California ; geophysical surveys; economic 

geology : heat flow; geothermal energy; United States; 
Mono Lake; Clear Lake; geothermai gradient; exploration; 
geophysical methods; anomalies 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

reservoir properties from 
939684 79-23531 

The Geysers geothermal 
seismological data 

Majer, E.; McEvIIly, T. V. 
Univ. Calif.. Dep. Geol. and Geophys., Berkeley. Calif.. USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geothermal Resources Council annual meeting, San Diego, 

Calif., United States, May 9-11. 1977 
Publ: Geothermal Resour. Counc-
199p., 1977 
Subfile: B 
Country of Publ.: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
illus., sketch map 
Latitude; N384000; N385000 Longitude; W1224500; W1230000 
Descriptors: •California ; economic geology; geophysical 

surveys ; geothermal energy; seismic surveys; United States 
; The Geysers; aquifers; properties; seismic methods; 
geophysical methods; refraction; exploration; anomalies 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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939669 79-23472 
Electrical investigations In the Guanacaste geothermal area 

(Costa Rica) 
Furgerson, R. B.; Afonso L., P. S, 
Argonaut Enterp.. Denver, Colo., USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geothermal Resources Council annual meeting, San Diego, 

C a M f . . United States. May 9-11. 1977 
Publ: Geothermal Resour, Counc. 
99-lOOp,. 1977 
Subfile: B 
Country of Publ,: United States 
Doc Type; BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages; English 
1 Ilus. 
Descriptors; •Costa Rica ; economic geology; geophysical 

surveys : geothermal energy; electrical surveys; Central 
America; Guanacaste; exploration; electrical raethods: 
geophysical raethods: resistivity; volcanoes; basement 

Section Headings; 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 
•A?,-

939664 79-23459 
Seismic reflection investigations in a geothermal area 
Denlinger. R, P,; Kovach, R. L. 
Stanford Univ,, Dep. Geophys.. Stanford, Calif., USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geothermal Resources Council annual raeeting, San Diego, 

Calif.. United States, May 9-11. 1977 
Publ: Geothermal Resour, Counc. 
77-78p,. 1977 
Subfile; B 
Country of Publ.; United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N3840O0; N3850OO Longitude: W1224500; W1230000 
Descriptors: •California : economic geology; geophysical 

surveys ; geothermal energy: seisraic surveys; Sonoma County 
: United States; geysers: reflection; exploration; 
techniques: Vibroseis; The Geysers 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

939660 79-23450 
Exploration of the Guanacaste, Costa Rica, geothermal system 
Corrales. M, F.: Koenig, d, 8,; Kuwada. d. T. 
Geotherm Ex., Berkeley, Calif., USA; Rogers Eng., USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geotherraal Resources Council annual raeeting, San Diego, 

Calif., United States, May 9-11, 1977 

Publ: Geothermal Resour. Counc 
57-58p.. 1977 
Subfile: B 
Country of Publ.: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Descriptors: •Costa Rica ; economic geology; geophysical 

surveys ; geothermal energy; heat flow; Central America; 
Guanacaste; exploration; Rincon de la Vieja; Miravalles; 
Cordillera de Guanacaste; geothermal gradient; temperature 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

939653 79-2344 1 
Interpretation of geothermal gradient and heat flow data for 

Basin and Range geothermal systems 
Blackwell, 0. 0.; Chapman, 0. S. 
South. Methodist Univ.. Dallas, Tex., USA; Univ. Utah, USA 
Geothermal; state of the art, transactions; Volume 1 
Anonymous 
Geothermal Resources Council annual meeting, San Diego, 

Calif., United States, May 9-11, 1977 
Publ; Geothermal Resour. Counc, 
19-20p., 1977 
Subfile: B 
Country of Publ.: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
11lus. 
Descriptors: •Basin and Range Province : economic geology; 

geophysical surveys ; geothermal energy; heat flow; 
geothermal gradient; Interpretation; models; United States; 
exploration; anomalies; distribution; hot springs; 

patterns 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

939652 79-23442 
Heat flow and geothermal gradient exploration of geothermal 

areas In the Cordillera de Guanacaste of Costa Rica 
Blackwell, D. D.; Granados G., E.; Koenig, d. 8. 
South. Methodist Univ., Dallas, Tex,, USA; Geothermax, USA 
(Jeothermal; state of the art, transactions; Volume 1 
Anonymous 
Geothermal Resources Council annual raeeting, San Diego, 

Calif., United States, May 9-11, 1977 
Publ: Geothermal Resour. Counc. 
17-18p., 1977 
Subfile: B 
Country of Publ.: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
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Descriptors; *Costa Rica ; economic geology; hydrogeology 
; geothermal energy; thermal waters; Central America; heat 

flow; exploration; geophysical surveys; geothermal gradient 
; Cordillera de Guanacaste; Las Hornillas; Miravalles; 
volcanoes; Guanacaste: temperature; fumaroles; hot springs 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

939176 79-22217 
Seismological Investigations In geothermal regions 
Majer, E. 
Univ. of California, Berkeley, Calif., USA 
232p., 1978 
Subfile: 8 
Degree Level: Doctoral 
Country of Publ.: United States 
Doc Type; THESIS Bibliographic Level; MONOGRAPHIC 
Languages: English 
Availability; Univ. Microfilms 
Latitude: N350000; N420000 Longitude: W11405OO; W1200000 
Descriptors: •California; •Nevada; •Basin and Range Province 

; •seismology; •geophysical raethods ; economic geology 
geophysical surveys; microearthquakes; seismic methods 
geothermal energy; seismic surveys; seismic sources 
applications; Sonoma County; United States; The Geysers 
Grass Valley; elastic waves; P-waves; S-waves; exploration 

heat flow; anomalies; reflection methods; refraction 
methods; attenuation: thermal waters: reservoir rocks; 
veioci ty 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

938246 79-20693 
Geothermal exploration In West dava 
Wiradiradja, S.; Suarl, S.; RazalI, Y.; Pekar, L. 
Fifth annual convention of the Indonesian Petroleum 

Association. dakarta, India, dune 7-8, 1976 
Proc Annu. Conv. - Indones. Pet. Assoc 5, Vol. 2, 

275-291p., 1977 
CODEN: 33ZWAH 
Subfile: B 
Country of Publ.: Indonesia 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., sketch maps 
Latitude; S084500; S055500 Longitude; El 144500: E1051500 
Descriptors: •Indonesia ; geophysical surveys; economic 

geology ; heat flow; geothermal energy; Asia; dava; 
exploration 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Wl131500; Wl133500 
•automatic data 

936074 79-19151 
Role of borehole geophysics In defining the physical 

characteristics of the Raft River geothermal reservoir, Idaho 
Keys, W. S.; Sullivan, d. K. 
U. S. Geol. Surv., Denver. Colo.. USA 
Geophysics 44: 6, 1116-1141p., 1979 
CODEN: GPVSA7 ISSN: 0O16-8033 11 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus.. tables, sketch map 
Latitude: N420500; N422500 Longitude; 
Descriptors: •Idaho: •wel1 - logging; 

processing ; economic geology; interpretation; geophysical 
surveys ; geothermal geology: reservoir properties; Cassia 
County; United States; Raft River basin; geothermal energy; 
exploration: reservoir rocks: boreholes; fractures; 
faults: radioactivity: porosity; electrical logging; 
resistivity; acoustical logging 
Section Headings: 20 .(GEOPHYSICS, APPLIED) 

936073 79-19 158 
Microseisms In geothermal exploration; studies In Grass 

Valley, Nevada 
Liaw. A. L.; McEvilly. T. V, 
Arco Oil and Gas Co.. Dallas. Tex. 
Geophysics 44: 6. 1097-1115p.. 

USA; Univ. CalIf., USA 
1979 

ISSN: 0016-8033 38 REFS. 

ANALYTIC 

W1173500; W1174500 
data processing; 

CODEN: GPYSA7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: 
Languages; English 
illus.. sketch maps 
Latitude; N403000; N4O40O0 Longitude: 
Descriptors; •Nevada; •automatic 

•seismology; *Great Basin; *geophysical raethods ; economic 
geology; geophysical surveys; microseisms; seismic methods 
; geothermal energy; data acquisition; seismic surveys; 
interpretation; Pershing County: United States; Grass 
Valley; Leach Hot Springs; springs; hot springs; thermal 
waters; exploration; reservoir rocks; noise; faults; 
arrays; techniques; passive methods; heat flow; anomalies; 
data processing 
Section Headings; 20 .(GEOPHYSICS. APPLIED) 

935993 79-22 180 
Subsurface structure of the southern portion of the Salton 

Sea geothermal field 
Chan. M. A,; Tewhey. d. D. 
Univ. Calif.. Lawrence Livermore Lab., Livermore, Calif., 

(cont. next page) 
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USA 
Lawrence Livermore Lab,, [Rep.], UCRL 52354, 13p., 1977 
3 REFS. 
Subfile: 8 
country of Publ.; United States 
DOC Type; SERIAL; REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Availability: U. S. Dep. Commer., Natl. Tech. Inf. Serv., 

Springfield. Va., United States 
Illus,, sketch map 
Latitude: N330O00; N331500 Longitude: W1153000; Wi155000 
Descriptors; +California ; economic geology; geophysical 

surveys ; geothermal energy; electrical surveys; Salton Sea 
; United States; exploration; stratigraphy; correlation; 
structure; spontaneous potential 
section Headings: 20 .(GEOPHYSICS. APPLIED) 

935929 79-20575 
Fracture and borehole mapping technique development 
Aamodt, R. L.; Aki. K.; Albright, d. N.: Fehler, M. C ; 

Keys, W. S.; Kintzinger, P. R.; Landt, d.; Murphy, H. D.; 
Potter, R. M. ; Spence, R. W.; West, F. G. 
Univ, Calif., Los Alamos Sd, Lab., Los Alamos, N.M,, USA 
Hot Dry Rock Geothermal Energy Development Project; annual 

report; fiscal year 1977 
Anonymous 
Los Alamos Sci. Lab., [Rep.] 7109. 82-141p.. 1978 
CODEN: LASLCA 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
11lus., tables 
Descriptors: •New Mexico ; economic geology; geophysical 

surveys ; geothermal energy; surveys; exploration; 
techniques; experiraental studies; boreholes; fractures; 
United States 

section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

930613 79-12594 
A low frequency electromagnetic prospecting system 
da in, 8. K. 
Univ, California. Berkeley, Calif., USA 
133p,, 1978 
Subfile; 8 
Degree Level: Doctoral 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level; MONOGRAPHIC 
Languages: English 
Availability: Univ. Microfilms 
Latitude: N350000: N420Q00 Longitude; W1140500; W120O0O0 
Descriptors: •Nevada; *geophysical methods; •geothermal 

energy; •'automatic data processing ; geophysical surveys; 
electromagnetic methods: exploration : electromagnetic 
surveys; techniques; digital techniques; United States; 

Grass Valley; 
instruments 
Section Headings 

frequency: 

: 20 .(GEOPHYSICS 

low frequency; 

APPLIED) 

sounding; 

928610 79-12651 
Telluric mapping in the vicinity of the Salton geothermal 

area 
Huraphreys, G. 
Univ. Calif.. Oep. Earth Sci., Riverside, Calif., USA 
American Geophysical Union; 1978 fall annual meeting, San 

Francisco, Calif., United States, Dec. 4-8. 1978 
Eos (Ara. Geophys. Union. Trans.) 59; 12. 1201p., 1978 
CODEN; EOSTAd 
Subfile: B 
Country of Publ,: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N330000: N334000 Longitude; W1153000; Wl16O50O 
Descriptors: *California: •Pacific Coast ; economic geology 

geophysical surveys ; geothermal energy; Earth-current 
surveys: Imperial County; Riverside County; United States: 
Salton Sea: maps; automatic data processing; exploration; 
res Istivity 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

928603 79-14085 
Utility of seismological methods in the exploration, 

delineation, and monitoring of geothermal reservoirs 
Majer, E. L.; McEvilly, T. V.; Schechter. 8. 

Berkeley Lab.. Berkeley, Calif., USA 
Geophysical Union; 1978 
Calif.. United States. 
Geophys. Union. Trans.) 

fal 1 
Dec 
59; 

annual meeting, San 
4-8, 
12, 

1978 
1200p. 1978 

PUBLICATION Bibliographic 

Lawrence 
Araerican 

Francisco, 
Eos (Ara. 
CODEN: EOSTAd 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE 

Level: ANALYTIC 
Languages: English 
Latitude: N250000; N420000 Longitude: Wl1O000O; W1240OO0 
Descriptors; •North America; •California; •Nevada; •Mexico 

•geophysical methods: •seismology : gsophyslcal surveys 
economic geology; seismic raethods; microearthquakes 
seismic surveys; geotherraal energy; applications; United 
States; geothermal systems; reservoir rocks; elastic waves; 
observations; P-waves; S-waves; propagation; velocity; 
attenuat ion 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 
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928176 79-14110 
Energy and remote sensing applications 
Summers, R. A.; Smith, W. L.; Short, N. M. 
U. S. Dep. Energy, Washington, D.C, USA; Spectral Oata 

Corp., USA 
International symposium on remote sensing of environment, 

Manilla, Philippines, Apr. 20-26, 1978 
Int. Symp. Remote Sensing Environ., Proc. 12, Vol-. 1, 

395-413p,, 1978 
CODEN: PISEDM 27 REFS. 
Subfile: 8 
Country of Publ.: International 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
illus., plates, table 
Descriptors: •United States ; geophysical surveys; 

environmental geology; economic geology ; remote sensing; 
conservation; energy sources; applications; planning; 
exploration; petroleum; natural gas; geothermal energy; 
uranium; coal; organic residues; oil shale: satellite 
methods; geophysical raethods; Skylab; raultIspectral 
analysis; Iraagery; Infrared raethods; color Imagery; 
Landsat 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

922513 79-05550 
Seismic refraction study of the Raft River geothermal area, 

Idaho 
Ackermann, H. D. 
U. S. Geol. Surv., Denver, Colo., USA 
Geophysics 44: 2. 216-225p., 1979 
CODEN: GPVSA7 13 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., sketch maps 
Latitude: N420300; N421100 Longitude: W1131800; W1133000 
Descriptors: •Idaho; •Western Interior; •geophysical methods 
; geophysical surveys; economic geology; seismic methods 

; seismic surveys; geothermal energy; Interpretation; 
Cassia County; United States: Raft River basin; North 
America; refraction methods: geotherraal fields; thermal 
waters; wells; exploration 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

922385 79-05738 
A summary of the geology, geochemistry, and geophysics of 

the Roosevelt hot springs thermal area, Utah 
Ward. S. H.; Parry, W. T.; Nash, W. P.; Sill, W. R.; Cook, 

K. L.; Smith, R. B.; Chapman. D. S,; Brown, F. H.; Whelan, d, 
A.; Bowman, J . R, 

Univ. Utah, Dep. Geol. and Geophys., Salt Lake City, Utah, 
USA 

Geophysics 43: 7, 1515-1542p., 1978 
CODEN: GPYSA7 44 REFS. 
Subfile; 8 
Country of Publ.; United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Illus., tables, sketch maps 
Latitude: N382500: N3830O0 Longitude: W1124500; W1130000 
Descriptors: •Utah; •Western Interior ; geophysical surveys 

; economic geology ; surveys; geothermal energy; Beaver 
County; electrical surveys; gravity surveys; 
raagnetotelluric surveys; applications: exploration; Milford 
; Roosevelt hot springs KGRA: United States; North America; 
microearthquakes; earthquakes; rhyolite; andesIte-rhyolite 
family; composition; springs; hot springs; geocheraistry; 
heat flow; reservoir rocks 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

922384 79-0562 1 
Some results from audiomagnetotelluric investigations In 

geothermal areas 
Hoover, D. B.; Long, C L.; Senterfit, R. M. 
U. S. Geol. Surv.. Denver, Cole. USA 
Geophysics 43: 7. 1501-1514p.. 1978 
CODEN: GPVSA7 20 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus.. table, sketch maps 
Descriptors: •geophysical raethods; •Basin and Range Province 

; •Columbia Plateau: •Western U.S, ; magnetotelluric methods; 
economic geology; geophysical surveys ; audiomagnetotellur
ic methods: geothermal energy: magnetotelluric surveys: 
applications; exploration; audio-frequency methods; United 
States; spectral analysis; techniques; resistivity 

Sect Ion Headings; 20 .(GEOPHYSICS. APPLIED) 

922383 79-05615 
A quadripole resistivity survey of the Imperial Valley, 

Cal1fornia 
Harthi11, N. 
Group Seven, Inc., Lakewood, Colo., USA 
Geophysics 43: 7, 1485-1500p.. 1978 
CODEN: GPVSA7 28 REFS-
Subflle: B 
Country of Publ.: United States 
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W.; Smith, M. C ; Tester, d. W.; West. F. G. 
Hot Dry Rock Geothermal Energy Development Project; annual 

report, fiscal year 1977 
Los Alamos Scientific Laboratory, Hot Dry Rock Project 

Staff. Los Alamos, N.M., USA 
13-41p., 1978 
27 REFS. 
Subf ile: 8 
Doc Type: REPORT Bibliographic 
Languages; English 
Report No.: LA-7109-PR 
Availability: NTIS, Springfield, Va. 
Illus., tables, sketch maps 
Latitude: N354500; N360000 
Descriptors; 'New Mexico 

energy; Conway Granite; 
heat flow; heat sources; 
possibilities; boreholes; 
exploration; Valles 
Mountains; California 

Level; ANALYTIC 

United States 

Longitude: W1063500; W1064500 
; economic geology ; geothermal 

Bandelier Tuff; United States; 
hot dry rocks; Fenton Hill; 
geophysical surveys; site 

Caldera; raagma chambers; demez 
Mono County; Long Valley; Coso; 

Montana; Marysvlile; 
Section Headings; 29 

New Hampshire 
.(ECONOMIC GEOLOGY, ENERGV SOURCES) 

891179 78-23601 
Gravimetric survey at the southern part of Izu; preliminary 

survey for geothermal exploration 
Ogawa, K. 
dap.. Geol. Surv., Bull. 28: 3. 35-44p.. 1977 
CODEN: dGSBAW 
Subfile; B 
Country of Publ.: dapan 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages; dapanese Suramary Languages; English 
illus., tables, sketch maps 
Latitude; N343000: N351000 Longitude; E1390700; E1384000 
Descriptors: 'dapan ; geophysical surveys ; gravity 

surveys; Asia; Izu Peninsula; geothermal energy; 
exploration; Bouguer anoraalies; anoraalies; Yugashiraa 
Formation; hot springs; Kawazu Spring: Renda1j1; basement; 
depth; springs; surveys; Shimogamo Spring 
Section Headings: 20 .(GEOPHYSICS, APPLIED) 

891170 78-23653 
Heat discharge measurement 

Nigerikawa Basin, northern part 
Urakami. K.; Nishlda, Y. 

and geophysical 
of Komagatake 

prospecting at 

dap. , Geol. Surv. 
CODEN: dGSBAW 11 
Subfile; B 
Country of Publ. 
Ooc Type: SERIAL 

Bui 1 
REFS. 

28: 1 , 1-20p. 1977 

dapan 
Bibliographic Level ANALYTIC 

Languages: dapanese Suramary Languages: English 
Illus., sects., tables, geol. sketch maps 

( c o n t . n e x t page) 
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Latitude: N413000; N423000 Longitude; E14.10000; E1400000 
Descriptors: *dapan ; geophysical surveys ; surveys; Asia 

; Nigorikawa Basin; Komagatake; Hokkaido; Pleistocene; 
Quaternary; Cenozoic; calderas; hot springs; fumaroles; 
temperature; seismic surveys; reflection methods; seismic 
methods; magnetic surveys; geotherraal energy: exploration; 
brines; heat flow; measurement; anomalies; therraal waters 
Section Headings: 20 .(GEOPHYSICS, APPLIED) 

890103 78-17389 
Resistivity studies In the upper Arkansas Valley and 

northern San Luis Valley. Colorado 
Arestad, d. F. 
Colorado School of Mines, Golden, Colo., USA 
1977 
Subfile: B 
Degree Level: Master's 
Country of Publ.; United States 
Doc Type; THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Latitude: N370000; N374000 Longitude: W1051000; W105450O 
Descriptors; •Colorado; •thermal waters ; geophysical 

surveys; temperature ; Costilla County; electrical surveys; 
springs: United States; San Luis Valley; Arkansas Valley; 
Rio Grande Depress Iori; Miocene; Neogene; Tertiary; 

Holocene; Quaternary; resistivity; hot springs; heat flow; 
exploration; quadripole-quadripole arrays: dipole-dipole 

arrays; Mineral Hot Springs; anomalies; Mount Princeton Hot 
Springs; Sal Ida Basin; geothermal energy; applications 
Section Headings; 20 .(GEOPHYSICS. APPLIED) 

886710 78-20187 
Insulating properties of Coastal Plain sediments (South 

Carolina and North Carolina) 
Costain, d. K. 
Va. Polytech. Inst., Blacksburg, Va.. USA 
Evaluation and targeting of geothermal energy resources In 

the southeastern United States 
Costain, d- K.; Glover, L.. Ill; Sinha. A. K. 
95-113p,, 1976 
7 REFS. 
Subfile; B 
Doc Type: REPORT Bibliographic Level: ANALYTIC 
Languages: English 
Report No,: VPI-SU-5103-2 
Availability: NTIS. Springfield. Va. , United States 
Illus., table, sketch raaps 
Latitude: N320400; N351200 Longitude: W0783200; W0831500 
Descriptors: •South Carolina; •North Carolina; •sediments: 

•Atlantic Coastal Plain; •wel1 - logging ; geophysical surveys; 
properties; economic geology; Interpretation ; heat flow; 
thermal conductivity; geothermal energy; United States; 

North America; temperature; data: geothermal gradient; 
exploration; possibilities; applications 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

886709 78-20186 
Geophysics (South Carolina) 
Costain, d. K. 
Va. Polytech. Inst,, Blacksburg, Va,, USA 
Evaluation and targeting of geothermal energy 

the southeastern United States 
Costain, d. K.; Glover, L., Ill; Sinha, A. K. 
82-94p., 1976 
Subfile: 8 
Doc Type; REPORT Bibliographic Level: ANALYTIC 
Languages; English 
Report No.: VPI-SU-5103-2 
Availability: NTIS, Springfield. Va., United Sta 
tables, sketch map 
Latitude: N341500; N344500 Longitude: W0804000 
Descriptors; •South Carolina: •intrusions; •Atla 

Plain ; geophysical surveys; pl.utons; economi 
heat flow; geothermal energy; Kershaw County 
County; Richland County; North America; Un 
Liberty Hill Pluton; Winnsboro Complex; 
possibilities: geothermal gradient; teraperat 
heat sources; genesis; gravity anomalies 
anoraalies 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

resources 1n 

tes 

W0811500 
ntic Coastal 
c geology ; 
; Lancaster 
ited States; 
exploratIon; 
ure; data; 

magnet ic 

886705 78-21613 
Evaluation and targeting of geothermal energy resources In 

the southeastern United States; progress report. May 1, 
1976-October 31, 1976 
Costain, d. K.; Glover, L., Ill; Sinha, A. K. 
Va. Polytech. Inst.. Blacksburg, Va.. USA 
170p., 1976 
Subfile; 8 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: VPI-SU-5103-2 
Availability: NTIS. Springfield. Va., UnitedStates 
Note: Individual reports are cited under the separate 

authors. illus., tables, geol. sketch raaps 
Latitude: N320400; N39280O Longitude: W0753000; W0841500 
Descriptors: •Atlantic Coastal Plain ; economic geology; 

hydrogeology; geophysical surveys ; geotherraal energy; 
thermal waters; heat flow; Eastern U.S.; United States: 
North Carolina; South Carolina; Virginia: North America; 
temperature; low temperature; resources; exploration; 
targets; springs: hot springs; reservoir rocks; heat 
sources; structural controls; data; geotherraal ggradient; 
progress report: 1976 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 
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-0_1.2e-54_ INFORMATION SERVICES, INC, 



P R I N T S User ;U0015347 17Dec84 PRINT 11/5/1-554 PAGE: 8 1 
Item 346 of 554 

DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

exploration 
881589 78-13814 
Remote sensing applications In hydro-geotherma 

of the northern Basin and Range Province 
Hodler, T, W. 
Oregon State Univ., Corvallis, Oreg., USA 
235p., 1977 
Subfile: B 
Degree Level; Doctoral 
Country of Publ.; United States 
Doc Type; THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Diss, Abstr. Int., Vol. 38, No, 7, p. 31048, 1978, 
Latitude: N380000; N450000 Longitude; W1170000; W1230000 
Descriptors: •Basin and Range Province : geophysical 

surveys; econoraic geology ; remote sensing; geothermal 
energy: United States; California; Oregon; programs; 
airborne raethods; geophysical methods; radar methods; 
side-scanning methods; infrared methods; applications; 
exploration; imagery; temperature; thermal waters 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

879461 78-10240 
Thermal gradients and heat flow at Roosevelt hot springs 

KGRA 
Sill, W. R.; Chapman, D, S,; Wilson, W,; Bodell, d. 
Society of Exploration Geophysicists, 47th annual 

international meeting, Calgary, Canada, Sept. 18-22, 1977 
Geophysics 42: 7, 1539p.. 1977 
CODEN: GPYSA7 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N4015O0; N403000 Longitude: Wl10000O: W1103000 
Descriptors: *Utah ; geophysical surveys; economic geology 
; Duchesne County; heat flow; geothermal energy; United 

States; Roosevelt KGRA; geothermal gradient; measurement; 
exploration; therraal waters; springs; hot springs 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

879460 78-10239 
Resistivity structure In southwestern Utah based on 

magnetotelluric and deep resistivity measurements 
Sill, W. R.; Bostick, F, X.; Hohmann. G. W.; Petrick. W.; 

Phillips, R. d.; Stodt. d.; Swift, C. M., dr.; Tripp, A.; 
Ward, S. H. 

Society of Exploration Geophysicists, 47th annual 
international meeting, Calgary, Canada, Sept. 18-22. 1977 
Geophysics 42: 7, 1539p., 1977 
CODEN; GPVSA7 
Subfile: B 
Country of Publ.: United States 

Doc Type: SERIAL: 
Level: ANALYTIC 
Languages: English 
Latitude; N370000; 
Descriptors; •Utah 

CONFERENCE PUBLICATION Bibliographic 

N390000 Longitude: W11IOOOO; Wl140000 
tectonophysics; geophysical surveys 

; Beaver County; Duchesne County: crust; surveys; United 
States; Pioche; Beaver; Tushar; Roosevelt hot springs; 
geotherraal energy; thermal waters; magnetotelluric surveys; 
electrical surveys; resistivity: deep sounding; electrical 
conductivity; anomalies 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

879382 78-10130 
Low-frequency EM sounding in Grass Val 
dain. B.; Dey, A,; Morrison, H, F. 
Society of Exploration Geophysi 

international meeting, Calgary. Canada 
Geophysics 42: 7, 1510p.. 1977 
CODEN: GPYSA7 
Subfile: 8 
Country of Publ.: United States 
Doc Type; SERIAL; CONFERENCE PUBLI 

Level: ANALYTIC 
Languages: English 
Latitude: N350000; N420000 Longitude 
Descriptors: •Nevada: •geophysical 

surveys; electroraagnetic raethods; 
electromagnetic surveys; applications 
United States; Grass Valley; explo 
methods; sounding; ground raethods; 
automatic data processing 

Section Headings; 20 .(GEOPHYSICS, APP 

ley, Nevada 

cists, 47th annual 
Sept. 18-22. 1977 

CATION Bibliographic 

Wl140000: W1200000 
raethods ; geophysical 
economic geology : 

geothermal energy: 
ration; low-frequency 
digital techniques; 

LIED) 

879368 78-10106 
Combined use of reflected P- and SH-waves In geothermal 

reservoir exploration 
Goupillaud, P. L.; Cherry, d. T. 
Society of Exploration Geophysicists. 47th annual 

International raeeting, Calgary, Canada, Sept. 18-22, 1977 
Geophysics 42; 7, 1506p., 1977 
CODEN: GPVSA7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N323000; N33300O Longitude: Wl143000; Wl160000 
Descriptors: •California; •geophysical raethods ; economic 

geology; geophysical surveys; seismic methods ; Imperial 
County; geothermal energy; seismic surveys; techniques; 
United States; Imperial Valley; East Mesa; reservoir rocks; 
exploration; P-waves: SH-waves; elastic waves; reflection 

methods; applications; Vibroseis 
( con t . next page) 
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Section Headings: 20 ,(GEOPHYSICS. APPLIED) 

879350 78-10O78 
A 250 km 2 self-potential anomaly caused by conductive 

mineralIzation 
Corwin, R, F. 
Society of Exploration Geophysicists, 47th annual 

international meeting, Calgary, Canada, Sept. 18-22, 1977 
Geophysics 42: 7, 1500p., 1977 
CODEN: GPYSA7 
Subfile: 8 
Country of Publ.; United States 
Doc Type; SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude; N400000: N410000 Longitude; Wl180000: W1190000 
Descriptors: •Nevada ; geophysical surveys; econoraic 

geology ; Pershing County; electrical surveys: maps; 
geothermal energy; United States; Unionvllle; East Range; 
Kyle hot springs; mapping; anomalies; self-potential 
methods; resistivity methods; electrical conductivity; 
mineralization; dipole-dipole arrays; exploration; 
geophysical survey maps: Pershing 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

879343 78-10067 
Regional aeromagnetic and gravity surveys of the Roosevelt 

hot springs and Cove Fort-Sulphurdale KGRA's, Utah 
Carter, d. A.; Cook. K. L.; Brumbaugh, W. D.; Ward, S. H.; 

Crebs, T, d.; Thangsuphanich, I. 
Society of Exploration Geophysicists, 47th annual 

international meeting. Calgary, Canada, Sept. 18-22. 1977 
Geophysics 42: 7, 1498p., 1977 
CODEN; GPYSA7 
Subflie: 8 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Latitude: N370000; N420000 Longitude: W1090000; W1140000 
Descriptors: *Utah ; geophysical surveys; economic geology 
; Beaver County; Duchesne County; surveys: geothermal 

energy; maps; United States; Mineral Mountains; Roosevelt 
hot springs; Cove Fort; Sulphurdale; airborne methods; 
geophysical methods; magnetic surveys; gravity surveys; 
resources; known geothermal resource area; raagnetic survey 
raaps; lineaments; structure 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

878912 78-10032 
Heat flow In a geothermal active area; The Geysers, 

CalIfornia 
damieson, I. M. 
Univ. of California, Riverside, Calif., USA 

176p., 1976 
Subfile: 8 
Degree Level: Doctoral 
Country of Publ.; United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
Diss. Abstr. Int.. Vol. 38, No. 6. p. 2593B, 1977, 
Latitude: N383000; N384500 Longitude: W1224500; W1230000 
Descriptors; •California ; geophysical surveys; economic 

geology ; Sonoma County: heat flow; geotherraal energy; 
United States; north; The Geysers; geothermal gradient; 
temperature; measurement; boreholes; exploration; therraal 
waters 

Sect ion Headings; 20 .(GEOPHYSICS. APPLIED) 

875497 78-06146 
Resistivity and soil temperature studies at selected Montana 

hot springs 
Chadwick, R. A.; Galloway, M. d.; Weinheimer, G, d. 
Mont, State Univ., Oep. Earth Sci,. Bozeraan, Mont,. USA 
Northwest Geol. 6; 2, 60-66p., 1977 
CODEN; NWGYAR 8 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Latitude: N443000; N47O00O Longitude: W1103000: Wi123000 
Descriptors: 'Montana ; hydrogeology; geophysical surveys; 
economic geology ; Madison County; Lewis and Clark County; 
Meagher County; springs; electrical surveys; geotherraal 
energy; resistivity; soils: teraperature; United States; 
hot springs; exploration; Broadwater hot springs; Wolf 
Creek hot springs; White Sulphur Springs: southwest; 
thermal waters; Rocky Mountains; North America 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

875040 78-06102 
Geothermal exploration by telluric currents in the Klamath 

Falls area, Oregon 
Tang, R. W. V. 
Oregon State Univ., Corvallis, Oreg., USA 
86p., 1974 
Subfile: B 
Degree Level: Master's 
Country of Publ.: United States 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 
11lus., tables 
Latitude: N421400; N421400 Longitude: W1214700; W1214700 
Descriptors; •Oregon; •geothermal energy ; geophysical 

surveys; exploration ; Klamath County; Earth-current 
surveys; Klamath Falls; United States; applications 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 
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866797 77-46641 
Deep electrical resistivity soundings in the Rio Grande Rift 
diracek, G. R.; Smith. C ; Gerety, M, T. 
Univ. N.M., Albuquerque, N.M., USA 
The Geological Society of America, 89th annual meeting, 

Denver, Colo., United States, Nov. 8-11, 1976 
Geol. Soc. Am., Abstr. Programs 8: 6, 940-941p., 1976 
CODEN; GAAPBC 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL; CONFERENCE PUBLICATION Bibliographic 

Level: ANALYTIC 
Languages: English 
Descriptors: •New Mexico; 'geophysical surveys ; electrical 

surveys ; Rio Grande Rift; Albuquerque-Belen Basin; Mesilla 
Basin; United States; resistivity; sounding: basement; 
faults; applications; thermal waters; geothermal energy; 
explorat ion 

Section Headings; 20 .(GEOPHYSICS, APPLIED) 

863542 77-43828 
Telluric mapping over the Mesa geothermal anomaly. Imperial 

Valley, California 
Maas. d, P. 
Univ. Calif., Riverside, Calif., USA 
Paleogene symposium and selected technical papers; 

conference on future energy horizons of the Pacific Coast 
Weaver, D. W.(EDITOR); Hornaday. G. R.(EDITOR); Tipton, 

A.(EDITOR) 
SOth annual raeeting of the Pacific sections, AAPG. SEPM, SEG 

Future energy horizons of the Pacific Coast; Paleogene 
symposium. Long Beach, Calif., United States, April 23-26, 
1975 
Publ: Pac. Sect., Am. Assoc. Pet. Geol. 
325-342p., 1975 
12 REFS. 
Subfile: B 
Country of Publ.-: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
illus., tables, sketch raaps 
Latitude: N320000; N330000 Longitude: W1150000; Wl153000 
Descriptors: 'geophysical surveys; •California; •raaps; 

•geothermal energy ; Earth-current surveys; United States; 
economic geology ; Imperial County; Mesa geothermal anomaly; 
ground niethods: anomalies; exploration; resources; 

possibilities; contour maps; Imperial Valley 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

862704 77-42583 
Seismic mapping of hydraulic fractures made In basement 

rocks 
Albright, d. N.; Hanold, R, d, 
Los Alamos Sci. Lab.. Los Alamos, N.M., USA 
Proceedings of the Second ERDA symposium on enhanced oil and 

gas recovery; Tulsa, Oklahoma, September 9-10, 1976; Volume 2, 
Gas 

Llnvllle, 8.(EDITOR) 
Second ERDA syraposium on enhanced oil and gas recovery, 

Tulsa, Okla,, United States, Sept. 9-10, 1976 
Publ: Pet. Publ, Co. 
CB, 1-Ce.13p. . 1976 
5 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: BOOK; CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
i1lus. 
Latitude; N353000; N360000 Longitude; W1061500; W1064500 
Descriptors: *New Mexico: •geophysical methods: 'geothermal 

energy; •engineering geology: •Precambrian ; geophysical 
surveys: seismic methods: reservoirs; United States ; Los 
Alamos County; Sandoval County; Fenton Hill; applications; 
fractures; mapping; hydraulic fracturing; production; 

baseraent: dry rocks: hot rocks; polarization; subsurface 
reservoirs; exploration; development; experimental studies 
Section Headings; 20 .(GEOPHYSICS. APPLIED) 

856767 77-38274 
Summary of space imagery studies In Utah and Nevada 
densen, M. L.; Lay lander, P. 
Univ. Utah, Salt Lake City, Utah, USA 
NASA Earth resources survey syraposium, Houston, Tex., 

United States, dune 9-12, 1975 
U. S. Natl. Aeronaut. Space Adm., Tech, Memo. X-58168: Vol. 

I-B, Geology-Information systems and services, 673-712p.. 
1975 
Subfile: 8 
Country of Publ.; United States 
Doc Type: SERIAL: CONFERENCE PUBLICATION Bibliographic 

Level; ANALYTIC 
Languages: English 
Illus.. geol. sketch maps 
Latitude: N350000; N420000 Longitude: W1090000; W1200000 
Descriptors; •Nevada; •geophysical surveys; •Utah; •maps ; 

reraote sensing; cartography ; United States; applications; 
georaorphology; exploration; geotherraal energy; mineral 
resources; anomalies; satellite; Landsat; Skylab; 
geologic; explanatory text 

Section Headings; 20 .(GEOPHYSICS, APPLIED) 
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855180 77-34758 
Borehole temperature profile of Camas hotsprlngs, Montana 
Qamar, A. A. 
Northwest Geol. 5, 54-58p,, 1976 
CODEN: NWGYAR 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
11lus. 
Latitude; N471500; N474500 Longitude: W1141500; W1144500 
Descriptors; •Montana; •heat flow; •geothermal energy 

geophysical surveys; United States ; Sanders County; west 
Camas; exploration; boreholes; thermal waters; springs 

hot springs: temperature; geothermal gradient 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

854568 77-36087 
Ethiopia; investigation of geothermal resources for power 

development; geology, geochemistry and hydrology of hot 
springs of the East African rift system within Ethiopia 

United Nations Development Programme 
variously paglnatedp., 1973 
Subfile: 8 
Doc Type: REPORT Bibliographic Level: MONOGRAPHIC 
Languages: English 
Report No.: DP/SF/UN/116 
Availability: U.N,, New York. N.V., United States 
i1lus., ; geol. maps 
Latitude: N060000; N140000 Longitude: E04 21500; E0374 500 
Descriptors: •Ethiopia; •geothermal energy; •thermal waters; 

•raaps; •springs ; economic geology; Africa ; East African 
Rift: exploration: geophysical surveys; geochemistry; rift 
valleys; heat flow; areal geology; hot springs; resources; 
data; geologic 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

853743 77-34623 
Cercetarl geoelectrlce pentru descoperlrea de noi surse de 

ape termale la Baile Felix, judetui Bihor 
Geoelectrical prospecting for thermal ground water In the 

Baile Felix region, Bihor 
Andriescu, G.; Mihail, C 
Rom., Inst. Geol. Geofiz.. Stud. Teh. Econ., Ser. D 11, 

214-225p.. 1976 
CODEN; SDPGDB 8 REFS. 
Subfile: B 
Country of Publ.: Romania 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: Romanian Summary Languages: English 
Illus., strat. col., geol. sketch map 
Latitude: N460000; N480000 Longitude: E0250000; E0220000 
DescrIptors: *Roman1a; *geophys1cal surveys; •ground water; 

•thermal waters ; electrical surveys; Europe; moveraent 
Apuseni Mountains; Bihor Mountains; Baile Felix region 
resistivity: sounding; anomalies: applications 
permeability: limestone; exploration; geothermal energy 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

851971 77-34642 
Geothermal prospecting with the magneto-telluric method 

(M.T.-5-E.X.) In the Travale area (Tuscany, Italy) 
Celati, R.; Muse. L.; Rossi. A.; Squarci, P.; Taffi, L.; 

Toro, 8. 
Geothermics 2: 3-4, 186-190p., 1973 
CODEN: GTMCAT 5 REFS. 
Subfile: B 
Country of Publ.: International 
Ooc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus., geol. sketch maps 
Descriptors: 'Italy; •geophysical methods; •geotherraal 

energy ; geophysical surveys: magnetotelluric methods; 
Europe ; Tuscany; Travale: applications; exploration; 
Instruments: M.T.,-5-E,X. 
Section Headings: 20 ,(GEOPHYSICS, APPLIED) 

851966 77-35968 
Exploration In a ''blind'' geothermal area near Marysville, 

Montana, USA 
Blackwel1, D. D. 
South. Methodist Univ., Dep, Geol. Sci.. Dallas, Tex.. USA 
Geothermics 2: 3-4, 123p., 1973 
CODEN: GTMCAT 2 REFS. 
Subfile: 8 
Country of Publ.; International 
Doc Type; SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors: •Montana; •geothermal energy; •geophysical 

surveys; •heat flow ; economic geology; United States; 
surveys ; Marysville region; resources; exploration; 
anoraalies: heat sources i 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

851526 77-32039 
Recent discovery of a new geothermal field in Italy; Alfina 
Cataldi. R,; Rendlna, M. 
Geothermics 2: 3-4, 106-116p,. 1973 
CODEN; GTMCAT 16 REFS. 
Subfile: 8 
Country of Publ.; International 
Ooc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Illus.. table, strat. col., geol. sketch maps 
Descriptors: •Italy; •geothermal energy; •heat flow ; 
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economic geology; Europe ; Latium; Alfina; resources; 
exploration; geophysical surveys; measurement 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

851516 77-30704 
A five-component magneto-telluric method In geothermal 

exploration; the M.T.-5-E.X. 
Muse, L. 
Geothermics 2; 2, 41-50p.. 1973 
CODEN: GTMCAT 7 REFS. 
Subfile: 8 
Country of Publ.: International 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
i1lus.. tables 
Descriptors: •geophysical raethods: •geothermal energy; 

•Italy ; magnetotelluric methods; Europe; geophysical 
surveys ; applications; exploration; new methods; 
M.T.-5-E.X.; Instruments; Tuscany; Travale; resources 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

851467 77-30711 
Principal facts for a gravity survey of Pinto Hot Springs 

known geothermal resource area, Nevada 
Peterson, D. L.; Hassemer, d. H. 
U, S. Geol, Surv., Open-File Rep. 77-67-8, 3p., 1977 
CODEN: XGROAG 1 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: MONOGRAPHIC 
Languages; English 
Latitude; N411800; N412500 Longitude: Wl184300; Wl185500 
Descriptors: •Nevada; •geophysical surveys ; gravity 

surveys ; Humboldt County; north; Pinto Hot Springs KGRA; 
United States; Pinto Hot Springs; ground; free-air; data; 
Bouguer anomalies; exploration; geothermal energy 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

851466 77-30661 
Principal facts for a gravity survey of Breitenbush known 

geothermal resource area, Oregon 
Hassemer, d. H. ; Peterson. 0. L. 
U, S. Geol. Surv,, Open-File Rep, 77-67-A, 2iD., 1977 
CODEN; XGROAG 1 REFS. 
Subfile: B 
Country of Publ,: United States 
Doc Type: SERIAL Bibliographic Level; MONOGRAPHIC 
Languages; English 
Latitude: N444 500: N4 44900 Longitude: W12 14900; WI2 10800 
Descriptors: •Oregon; 'geophysical surveys ; gravity 

surveys ; defferson County: northwest; Breitenbush KGRA; 
United States; Breitenbush; ground; free-air; data; 
Bouguer anomalies; exploration; geotherraal energy 

Section Headings; 20 ,(GEOPHYSICS, APPLIED) 

•mineral 
gravi ty 

840415 77-22884 
Gravity mapping as an aid to reconnaissance exploration for 

mineral and geothermal energy resources In the MogolIon-Santa 
Rita-Tyrone region, southwestern New Mexico 

Eaton. G. P,; Peterson. D. L,; Webring, M,: Ratte, d. C. 
U. S. Geol. Surv.. Denver Fed. Cent.. Denver. Colo., USA 
Geol. Soc Am., Abstr. Prograras 8: 5; Rocky Mountain 

Section 29th annual meeting, 584-585p., 1976 
CODEN: GAAPBC O REFS. 
Subfile; 8 
Country of Publ,: United States 
Doc Type; SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors: •New Mexico; •geophysical methods; 

resources; •thermal waters ; geophysical surveys; 
methods; United States : southwest; Mogollon Rim; Santa 
Rita: Tyrone; Hanover: Pinos Altos; Silver City: Gila: 
applications; exploration; geothermal energy; maps; 
Bouguer anomalies: structure: ore deposits 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

839554 77-18620 
Evaluation of the petrophysical characteristics of the East 

Mesa geothermal anomaly. Imperial Valley, California 
Sanyal, S. K.; Meidav, H. T, 
Geonomics. Inc. Berkeley, Calif., USA 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 46, 

106-107p., 1976 
CODEN: SGAMB7 0 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors; •California; •wel1 - logging; •geothermal energy 
geophysical surveys: United States; applications ; 

Imperial County: south; Imperial Valley; East Mesa; 
anomalies: exploration 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

839552 77-18509 
Assessing the geothermal resource base of the southwestern 

United States; status report of a regional geoelectromagnetic 
traverse 
Hermance, J . F.; Pedersen, d. 
Brown Univ., Dep. Geol. Geophys., Providence, R.I., USA 
Soc Explor. Geophys., Annu. Int. Meet., Abstr. 46. 

106p,, 1976 
CODEN: SGAMB7 0 REFS. 
Subfile: 8 
Country of Publ.; United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
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Languages: English 
Descriptors: •United States; •geophysical surveys; 

•geothermal energy ; electromagnetic surveys ; southwest; 
California; Imperial Valley: Arizona; Tucson Basin; Texas; 
Rio Grande Rift; El Paso region; High Plains; ground: 

profiles; evaluation; resources; exploration 
Sect ion Headings; 20 .(GEOPHYSICS. APPLIED) 

839528 77-18460 
Gravity and magnetic surveys of the Mineral Mountains area, 

Utah, Including the Roosevelt Hot Springs KGRA 
Crebs, T. J . ; Cook, K. L.; Thangsuphanich, I.; Brumbaugh, W. 

D.; Ward, S. H. 
Univ. Utah, Dep. Geol. Geophys.. Salt Lake City, Utah, USA 
Soc. Explor. Geophys.. Annu, Int. Meet.. Abstr. 46. 96p., 
1976 
CODEN: SGAMB7 O REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Descriptors: •Utah; *geophysical surveys; •geothermal energy 
; surveys; United States ; Beaver County: Miller County; 

Mineral Mountains; Roosevelt KGRA; exploration; 
geophysical methods; gravity surveys; magnetic surveys; 
ground; Bouguer anomalies 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

839526 77-18648 
Deep electrical Investigations of geothermal prospects in 

the Basin and Range Province of southern New Mexico 
Smith, C ; diracek, G. R.; Ander, M. E. 
Univ. N.M,, Albuquerque, N,M., USA 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 46, 95p., 
1976 
CODEN: SGAMB7 O REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: ••geothermal energy; *New Mexico; *geophys1ca1 

methods ; United States; electrical methods; geophysical 
surveys ; Basin and Range Province; exploration; 
resistivity; south; applications; techniques; deep 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

839524 77-18422 
Borehole geophysics evaluation of the Raft River geothermal 

reservoir, Idaho 
Applegate, d. K.; Donaldson, P, R,; Hinkley, D, L.; Wallace, 

T. L. 
Boise State Univ., Dep. Geol. Geophys., Boise, Idaho. USA 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 46, 94-95 

p., 1976 

.01.286-0-

CODEN: SGAMB7 O REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
11lus. 
Descriptors; 'Idaho; 'wel1 - logging; •geothermal energy ; 

geophysical surveys; applications; United States ; Cassia 
County; south; Raft River valley; exploration; evaluation; 
reservoirs: subsurface; systems 
Section Headings; 20 .(GEOPHYSICS. APPLIED) 

83564 1 77-18528 
Deep resistivity investigations at two known geothermal 

resource areas (KGRAS) In New Mexico; Radium Springs and 
Lightning Dock 

diracek, G. R.: Smith. C 
Univ. N.M.. Dep. Geol., Albuquerque, N.M., USA 
N. M. Geol. S o c , Spec. Publ. 6; Tectonics and mineral 

resources of southwestern North America, 71-76p., 1976 
CODEN: NMGPAW 14 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
illus.. sketch maps 
Descriptors; •New Mexico; •geophysical surveys; •therraal 

waters ; electrical surveys; United States ; Dona Ana 
County; Hidalgo County; south; Radium Springs: Lightning 
Dock; resistivity; deep sounding; ground; exploration; 
geothermal energy; programs; KGRA; Known Geothermal 
Resource. Areas; electrical raethods 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

832772 77-16121 
Mapping seismic attenuation anomalies In the Coso geothermal 

area 
Ward, R. W.; Young, C.-Y. 
Univ. Tex. Dallas. Richardson, Tex., USA 
Eos (Am. Geophys. Union, Trans.) 56: 12: Fall annual 

meeting. 1020p.. 1975 
CODEN: EOSTAd O REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors; 'seismology; •geothermal energy; •California 

seismicity; United States; geophysical surveys ; elastic 
waves; P-waves; attenuation; anomalies: residuals; 
applications; exploration; Coso geothermal area; seismic 
surveys; resources; methods; interpretation 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

-. #blfWJOG . 
INI-ORMATION SERVICES. INC. 



P R I N T S User :U0015347 17Dec84 PRINT 1 1 / 5 / 1 - 5 5 4 PAGE; 87 
Item 377 of 554 

DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

832406 77-14686 
Geophysical studies of the Tatun geothermal field, Taiwan 
Cheng, W.-T. 
Volcanoes and tectonosphere 
Aoki, H.(EDITOR); Ilzuka, S.(EDITOR) 
Publ: Tokai Univ. Press 
309-320p., 1976 
9 REFS. 
Subf Ile; B 
Country of Publ.: dapan 
Doc Type: BOOK Bibliographic Level; ANALYTIC 
Languages: English 
illus., table, sketch maps 
Descriptors: •geotherraal energy; •Taiwan; •geophysical 

surveys ; Asia; surveys ; Tatun; exploration; electrical 
surveys; resistivity; magnetic surveys; seismic surveys: 
reflection; gravity surveys 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

83099 1 77-1055 1 
The result of thermal Infrared Imaging tests in the 

Kusatsu-Manza geothermal area 
Hase. H.; Nishimura. K. 
dap. Soc. Photogramm.. J . 12: 3. 1-12p.. 1973 
CODEN; SASOBR 8 REFS. 
Subfile: 8 
Country of Publ. dapan 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: dapanese Summary Languages; English 
illus.. tables, sketch maps 
Descriptors; •dapan; •geophysical surveys; 'geotherraal 

energy; •volcanology ; Infrared surveys: Asia;' volcanoes : 
Honshu; Fossa Magna; Kusatsu; Manza; Mount Shirane; 
airborne; ground; exploration; explosions 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

830205 77-12124 
Geologic setting of the Raft River geothermal area. Idaho 
Williaras, P. L.; Pierce, K. L.; Mclntyre, D. H. ; Covington,. 

H. R.: Schmidt. P. W. 
U. S. Geol. Surv., Denver, Colo., USA 
Geol. Soc. Am., Abstr. Programs 7: 5: Rocky Mountain 

Section, 28th annual meeting, 652p., 1975 
CODEN: GAAPBC 0 REFS. 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors: •Idaho; •geothermal energy; •thermal waters; 

•fCenozoic ; economic geology; United States ; Raft River 
valley; exploration; resources; geophysical surveys; 
structure; genesis; lithology; reservoir rocks 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

830150 77-10582 
Geophysical studies of a geothermal area In the southern 

Raft River valley, Idaho 
Mabey, D. R.; Ackermann, H.; Zohdy, A. A. R.: Hoover, D. 8,: 

dackson, D, B,; O'Donnell, d, E. 
U, S. Geol. Surv., Denver Fed. Cent,. Denver. Colo.. USA 
Geol. Soc. Am., Abstr. Programs 7: 5: Rocky Mountain 

Section, 28th annual meeting, 624p., 1975 
CODEN; GAAPBC 0 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •Idaho: •geophysical surveys; •Cenozoic ; 

surveys; United States ; Raft River valley: gravity surveys 
; magnetic surveys; seisraic surveys; refraction; 
magnetotelluric surveys: Earth-current surveys; electrical 
surveys: resistivity; self-potential; exploration; 
geotherraal energy; depth; structure; igneous rocks; 
sediraentary rocks 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

830148 77-10577 
Geophysical studies In the Island Park Caldera, Idaho 
Long, C L.; O'Donnell, d. E.: Smith, 8. D. 
U. S. Geol. Surv., Theor. & Appl. Geophys. Branch. Denver, 

Colo., USA 
Geol. Soc. Am., Abstr. Programs 7: 5: Rocky Mountain 

Section, 28th annual meeting, 623p., 1975 
CODEN: GAAPBC 0 REFS. 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English • 
Descriptors: •Idaho; •geophysical surveys ; magnetotelluric 

surveys : Island Park Caldera: United States; sounding; 
resistivity: exploration: geotherraal energy: calderas 
Section Headings: 20 .(GEOPHYSICS, APPLIED) 

830O90 77-11951 
The White Earth area, Montana; a geothermal prospect? 
Chadwick, R. A.; Blackwell, D. D.: Hansen, d. L.; Rahn, J . 

E. 
Mont. State Univ., Dep. Earth Sci.. Bozeman, Mont., USA 
Geol. Soc Am.. Abstr. Programs 7: 5: Rocky Mountain 

Section, 28th annual raeeting, 593-594p., 1975 
CODEN: GAAPBC 0 REFS. 
Subfile: B 
Country of Publ.: United States 
Ooc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
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Descriptors: 'Montana; •geothermal energy; •heat flow ; 
economic geology; United States ; White Earth; Canyon Ferry 
Reservoir; possibilities; exploration; geophysical surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

830084 77-11944 
Heat flow studies of the Snake River Plain 
Brott, C. A.; Blackwell, D. D.; Mitchell, d. C 
South. Meth. Univ., Dep. Geol. Sci., Dallas, Tex., USA; 

Idaho Oep. Water Resour,, United States 
Geol, Soc. Am,, Abstr, Programs 7: 5: Rocky Mountain 

Section, 28th annual raeeting, 590-591p,. 1975 
CODEN: GAAPBC 0 REFS. 
Subfile; B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors; 'Idaho; •geothermal energy; •heat flow 

econoraic geology; United States ; Snake River Plain 
exploration; possibilities; geophysical surveys 
measurement 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

830075 77-11922 
Boise geothermal project; a progress report 
Applegate, d. K,; Donaldson, P, R.; Hollenbaugh, K. M.; 

Mink, L. L.; Nichols. C R. 
Boise State Univ., Dep. Geol,, Boise, Idaho, USA; Idaho Bur, 

Mines, United States 
Geol, Soc, Am., Abstr. Prograras 7: 5; Rocky Mountain 

Section, 28th annual meeting, 586p., 1975 
CODEN; GAAPBC O REFS. 
Subfile; 8 
Country of Publ,: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •geotherraal energy; *Idaho; 'therraal waters; 

•geophysical surveys ; United States; econoraic geology; 
surveys ; Boise Front; exploration; possibilities; 
resources; Boise; magnetic surveys; gravity surveys; 
resist 1vi ty 
Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGV SOURCES) 

828826 77-1058 1 
Telluric mapping over the Mesa geothermal anomaly. Imperial 

Valley, California 
Maas, d. P. 
California: Riverside 
152p., 1976 
O REFS. 
Subfile: 8 
Degree Level: Doctoral 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages; English 

Diss. Abstr. Int., Vol. 37, No. 3, p. 1156B, 1976, 
Descriptors; •California; •geophysical raethods ; 

geophysical surveys; Earth-current methods ; Imperial County 
; south; Iraperial Valley; Mesa geothermal anomaly; 
applications: geothermal energy; exploration; mapping; 
sedimentary basins; anomalies; United States 
Sect ion Headings: 20 .(GEOPHYSICS, APPLIED) 

827045 77-06739 
Telluric-magnetotelluric investigations of regional 

geothermal processes In Iceland 
Thayer, R. E. 
Brown 
291p., 1975 
Subfile: 8 
Degree Level: Doctoral 
Doc Type: THESIS Bibliographic Level; MONOGRAPHIC 
Languages: English 
Diss. Abstr. Int., Vol. 37, No. 1. p. 134B-1358, 1976, 
Descriptors: •Iceland; •geothermal energy; •geophysical 

methods ; geophysical surveys: Europe; methods ; 
electrical methods: Earth-current methods; magnetotelluric 
methods; exploration; applications: interpretation; field 
studies 
Sect ion Headings: 20 .(GEOPHYSICS, APPLIED) 

825259 77-06702 
Heat-flow studies in Steamboat Mountaln-Lemei Rock area, 

Skamania County, Washington 
Schuster, d. E.; Blackwell. D. 0.; Hammond, P. E.; Huntting. 

M. T. 
Dep. Natur. Resour.. Olympia. Wash., USA; South. Methodist 

Univ., United States 
Am. Assoc. Pet. Geol., Bull. 60: 8: New concepts of 

exploration in Rockies; AAPG-SEPM meeting, 1410p., 1976 
CODEN; AAPGBS 
Subf ile: 8 
Country of Publ.: United States 
Doc Type: SERIAL B ibi'iographic Level: ANALYTIC 
Languages: English 
Descriptors: •Washington; •heat flow; •geothermal energy 

geophysical surveys; United States ; Skamania County 
Steamboat Mountain; Lemei Rock; measurement; data 
geothermal gradient; thermal conductivity; exploration 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

825217 77-06520 
Geoelectrical Investigations of Boise, Idaho, geothermal 

system 
Donaldson, P. R.; Applegate, d. K. 
Boise State Univ., Boise, Idaho, USA 
Am. Assoc. Pet. Geol., Bull, 60; 8: New concepts of 

(cont, next page) 
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exploration In Rockies; AAPG-SEPM meeting, 1397p. 
CODEN: AAPGBS 
subfile: 8 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 

1976 

Descriptors: •Idaho; 
energy ; geophysical 
States ; Ada County; 
conductivity; rocks; 

•geophysical methods; •geothermal 
surveys; electrical raethods; United 

Boise: interpretation; electrical 
techniques; mapping; exploration; 

structural controls; systems; controls: faults; fractures 
section Headings; 20 .(GEOPHYSICS. APPLIED) 

8: New concepts of 

825209 77-07809 
Alvord Valley, Oregon geothermal Investigation 
Cleary, d. G. 
Univ. Mont., Missoula, Mont,, USA 
Am. Assoc. Pet. Geol., Bull, 60: 

exploration in Rockies; AAPG-SEPM raeeting 
CODEN: AAPGBS 
Subfile; B 
Doc Type: SERIAL Bibliographic Level: 
Languages: English 
Descriptors: •Oregon; •geothermal energy; •thermal 

•springs: *geophys1cal surveys ; economic geology; 
States; gravity surveys ; southeast; Alvord 
exploration: hot springs: profiles; structure: ground 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

1394p, 

ANALYTIC 

1976 

waters; 
United 

Valley; 

Idaho Dep. Water 

New concepts of 
1392p., 1976 

825202 77-06479 
Heat-flow study of Snake River Plain, Idaho 
Brott, C. A.; Mitchell, d. C 
South. Methodist Univ., Dallas. Tex., USA; 

Resour., United States 
Am. Assoc. Pet. Geol., Bull. 60: 8: 

exploration In Rockies; AAPG-SEPM meeting, 
CODEN: AAPGBS 
Subfile; 8 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •Idaho; •heat flow; •geothermal energy 

geophysical surveys; United States ; Snake River Plain 
measurement; geothermal gradient; crust; mantle 
explorat ion 

Section Headings; 20 .(GEOPHYSICS, APPLIED) 

823960 77-06613 
Heat flow In the Gulf of California 
Lawver, L. A. 
California: San Diego 
96p., 1976 
Subfile: B 
Degree Level: Doctoral 
Doc Type: THESIS Bibliographic Level: MONOGRAPHIC 
Languages: English 

Diss. Abstr. Int. Vol 36, No. 12, Part 1, p. 6031B-6032B, 
1976, 
Descriptors: •Gulf of California: •heat flow 

surveys: North America ; measurement; basins; 
; geothermal energy; exploration 
Sect Ion Headings: 20 .(GEOPHYSICS. APPLIED) 

: geophysical 
appl icat ions 

823699 77-06646 
Quadripole mapping near the Fly Hanch geothermal prospect. 

Northwest Nevada 
Morris, D. 
Colorado Mines 
unpaginatedp., 1975 
Subfile: 8 
Degree Level: Master's 
Doc Type: THESIS Bibliographic Level; MONOGRAPHIC 
Languages; English 
Descriptors: •geophysical methods: •maps; •geothermal energy 

; •Nevada ; electrical methods: cartography; United States; 
geophysical surveys ; Interpretation; applications; ground 

resistivity; parameters; models; methods; possibilities 
; Fly Ranch; exploration; Hualapai 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

823698 77-06737 
Exploration for a geothermal system in the Lualualei Valley, 

Oahu, Hawaii 
Tascin, M. T, 
Colorado Mines 
unpaginatedp., 1975 
Subfile; B 
Degree Level; Master's 
Doc Type: THESIS Bibliographic Level; MONOGRAPHIC 
Languages: English 
Descriptors: •geophysical surveys; *Hawa1i; •geotherraal 

energy ; electrical surveys; United States : Oahu; 
Lualualei; ground; resistivity; anomalies; temperature; 
maps; interpretation; possibilities; exploration 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

823696 77-06653 
Use of radial and vertical magnetic field components in 

time-domain electromagnetic sounding 
Ofrey, 0. 
Colorado Mines 
unpaginatedp., 1975 
Subfile: 8 
Degree Level: Master's 
Doc Type: THESIS Bibliographic Level; MONOGRAPHIC 
Languages; English 
Descriptors: •geophysical raethods; *Nevada ; 

electroraagnetic methods; geophysical surveys ; Pershing 
(cont, next page) J O 
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County; Humboldt County; applications; interpretation; 
ground; electromagnetic field; resistivity; radial 
component; crust; basement; mantle; depth; exploration; 
geothermal energy; United States; Black Rock Desert 

Section Headings; 20 .(GEOPHYSICS. APPLIED) 

823663 77-08086 
Results of preliminary geothermal exploration In the 

Dieng-Batur volcanic complex, central dava 
Zen, M. T. 
dap. Geotherm. Energy Assoc, d. 8: 2, 34-43p., 1971 
Subfile; 8 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English Suramary Languages: dapanese 
Serial No. 28, illus., geol, sketch map 
Descriptors: •Indonesia; 'geothermal energy; 'geochemistry; 

•igneous rocks; •springs; •geophysical surveys ; economic 
geology; Asia; surveys: volcanic: electrical surveys ; 
dava; Dieng Mountains; Batur; resources: thermal waters; 
Steam; occurrence; structural controls; fracture zones; 
Intersection; exploration; geophysical methods; geochemical 
methods; chloride; ground water; complexes; distribution; 
Quaternary; hot springs; resistivity; ground 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

817732 76-43978 
On the temperature survey in the Takinoue geothermal area, 

Iwate Prefecture 
Fujikura, K.; Vanagihara, C : Nakagawa, T.; Noguchi, K.; 

Okubo, T. 
dap.. Geol. Surv., Bull. 21: 2. 53-74p., 1970 
CODEN: dGSBAW 
Subfile: 8 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages; dapanese Summary Languages: English 
Illus., sketch maps 
Descriptors: •dapan; 'heat flow ; geophysical surveys; 

Asia ; Iwate: Takinoue; surveys: temperature: raeasureraent 
; exploration; geothermal energy 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

815721 76-41967 
Search for geothermal seismic noise In the East Mesa area. 

Imperial Valley, California 
Katz, L. d.; Wagner, W. D.; Iyer, H. M. 
Seismic .Explor. Inc., Salt Lake City, Utah, USA; U. S. Geol, 

Surv., United States 
Geophysics 41: 3, 542-543p.. 1976 
CODEN: GPYSA7 
Subfile: 8 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note; Discussion and reply; for reference to paper by Iyer, 

H. M., see Geophysics, p. 1066, December 1975, 

Descriptors; •geophysical methods; •California ; acoustical 
methods: geophysical surveys ; Imperial County: 
interpretation; noise: cultural; microseisms; detection; 
geotherraal energy; exploration; United States; Imperial 
Valley; south; Long Valley 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

815489 76-41735 
A brief description of the Marysville geothermal area 
Blackwell. D. D.; Brott, C A,; Goforth, T,; Holdaway, M. d. 

; Morgan. P.; Petefish, D.; Rape, T.; Steele, J . L.; Spafford, 
R. E.; Waibel, A. F, 

South. Methodist Univ,, Dallas, Tex., USA 
Energy resources of Montana 
Doroshenko, d.(EDITOR); Miller, W. R.(EDITOR); Thompson, E. 

E., dr.(EDITOR); Rawlins, d. H.(EDITOR) 
Publ: Mont, Geol. Soc. 
217-222P.. 1975 
Subfile: 8 
Country of Publ.; United States 
Doc Type: BOOK Bibliographic Level; ANALYTIC 
Languages; English 
table, geol. sketch maps 
Descriptors: 'geotherraal energy; +Montana ; United States; 

economic geology ; Marysville: exploration; geophysical 
surveys; anomalies; possibilities; Empire Creek 

Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

813644 76-39890 
Geothermal survey using thermal Infrared remote sensing in 

dapan 
Hase, H.; Matsuno. K.; Nishimura. K. 
Int. Syrap. Reraote Sensing Environ., Proc 10, Vol. 2. 

995-1001p., 1975 
Subfile; B 
Doc Type; SERIAL Bibliographic Level; ANALYTIC 
Languages; English 
illus., sketch raaps 
Descriptors: 'dapan; •geothermal energy: •geophysical 

surveys ; econoraic geology; reraote sensing; Asia ; 
Infrared surveys: therraal: airborne; exploration; methods; 
Indicators; furaaroles; hot springs 
Section Headings; 29 (ECONOMIC GEOLOGY, ENERGV SOURCES) 

808695 76-3494 1 
Application of the self-potentlal method to geothermal 

exploration In Long Valley, California 
Anderson, L. A.; dohnson. G. R. 
U. S. Geol. Surv., Denver. Colo.. USA 
d. Geophys. Res. 81: 8. 1527-1532p., 1976 
CODEN: dGREA2 
S u b f i l e ; B 
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ANALYTIC 

surveys ; electrical 
Long Valley Caldera; 

"Doc Type: SERIAL Bibliographic Level 
Languages; English 
illus.. geol. sketch raap 
Descriptors: •California; •geophysical 

surveys ; Mono County; Long Valley; 
United States; self-potential; anoraalies; dipolar; sources 
; ground water; therraal waters; applications; exploration; 
geothermal energy 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

807715 76-33961 
Reconnaissance geothermal exploration at Raft River, Idaho, 

from thermal Infrared scanning 
Watson. K. 
Soc. Explor. Geophys,, Annu. Int. Meet., Abstr, 45, 66-67 

p., 1975 
CODEN: SGAMB7 
Subfile; 8 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors: +Idaho; •geothermal energy; •geophysical 

methods ; geophysical surveys; United States; Infrared 
methods ; Cassia County; infrared surveys; Raft River 
Valley; exploration; temperature; surface; variations; 
anomalies; remote sensing; Iraagery; theoretical studies; 
models; applications; field studies 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

Subfile: 8 
Doc Type: SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors; •Hawaii; •geophysical surveys; •geothermal 

energy ; surveys; United States ; Kilauea; exploration; 
programs; Infrared surveys; airborne; electrical surveys; 
resistivity: ground; gravity surveys; magnetic surveys; 
seismic surveys: microearthquakes; structure: dikes; 
complexes 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

807640 76-33886 
Application of MT-AMT In the Marysville, Montana, area 
Stodt, d.; Peeples. W. d.; Rankin, D.; Reddy, I. K. 
Soc. Explor. Geophys., Annu. Int. Meet., Abstr. 45, 30p., 
1975 
CODEN: SGAMB7 
Subfile: 8 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •Montana; •geophysical surveys; •geothermal 

energy ; magnetotelluric surveys; United States ; Lewis and 
Clark County; Marysville; audio-magnetotelluric surveys: 
ground; exploration; heat flow; anomalies; interpretation: 
1974 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

807643 76-33889 
Reconnaissance geophysics of a known geothermal resource 

area, Weiser, Idaho, and Vale, Oregon 
Long, C L.; Kaufraann, H. E. 
S o c Explor. Geophys., Annu. Int. Meet.. Abstr. 45, 31-32 

p.. 1975 
CODEN: SGAMB7 
subfile: B 
DOC Type: SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Descriptors: •United States; *geophys1cal methods 

•geothermal energy ; geophysical surveys; methods 
Washington County; Malheur County; surveys; Idaho; Weiser 
Oregon; Vale: magnetotelluric methods; audio-magnetotellu

ric methods; Earth-current raethods; Interpretation; 
techniques; maps; applications; exploration; field studies 
; 1974 

section Headings: 20 .(GEOPHYSICS. APPLIED) 

807642 76-33888 
A systematic program for geothermal exploration on the 

1s1 and of Hawa11 
Furumoto, A. S. 
S o c Explor. Geophys., Annu. Int. Meet., Abstr. 45. 31p., 
1975 
CODEN: SGAMB7 

807637 76-33883 
Passive and active seismic studies and the geologic 

structure of the Boise Front, Idaho 
Applegate, d. K.; Donaldson, P. R. 
Soc. Explor. Geophys.. Annu. Int. Meet.. Abstr. 45, 29p., 
1975 
CODEN: SGAM87 
Subfile: B 
Doc Type; SERIAL Bibliographic Level; ANALYTIC 
Languages: English 
Descriptors; •Idaho; •geophysical surveys; 'geothermal 

energy: •tectonics ; seismic surveys; United States: 
structure ; Ada County; Snake River Plain; Boise; Boise 
Front; possibilities; exploration; refraction; earthquakes 
; microearthquakes; i faults; gravity anomalies; magnetic 
anomalies; aerial photography: active; passive 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

807636 76-33882 
Integrated geophysics, 
Olsen, T, L,; Sill, W. 
Soc. Explor. Geophys., 
1975 
CODEN: SGAMB7 
Subfile: 8 

Roosevelt hot springs 
R.; Smith, R. 8. 
Annu. Int. Meet.. Abstr. 45, 28p. 

(cont. next page) 
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Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: *Utah; •geophysical surveys; •geothermal energy 

; •thermal waters; •springs ; surveys; United States ; 
Roosevelt Hot Springs; electrical surveys; resistivity; 
Induced polarization; electromagnetic surveys; gravity 
surveys; inagnetic surveys; interpretation; techniques; 
exploration; geophysical methods; earthquakes; 
microearthquakes; integrated; hot springs 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

807635 76-3388 1 
Seismic refraction study in the Raft River geothermal area, 

Idaho >,, 
Ackermann, H. D. 
Soc Explor. Geophys., Annu. Int. Meet., Abstr. 45, 28p., 
1975 
CODEN: SGAMB7 
Subfile: B 
Ooc Type; SERIAL Bibliographic Level; ANALYTIC 
Languages; English 
Descriptors: •Idaho; *geophys1cal surveys; *geothermal 

energy ; seisraic surveys; Ufiited States ; Cassia County; 
south; Raft River Valley: refraction; exploration; 
structure; basement; depth; Interpretation; geophysical 
methods; seismic methods 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

807634 76-33880 
Exploring the Raft River geothermal area, Idaho, with the 

D.C. resistivity method 
Zohdy, A. A. R.; dackson, D. 8.; Bisdorf, R. J . 
Soc. Explor. Geophys,, Annu, Int. Meet.. Abstr. 45, 27-28 

p.. 1975 
CODEN: 5GAMB7 
Subfile: 8 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors: •geothermal energy: •Idaho; •geophysical 

surveys ; United States; electrical surveys ; Cassia County 
; Raft River Valley; exploration; geophysical methods; 
electrical methods; resistivity; Interpretation; maps; 
drilling; teraperature: recording; south; ground 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

806972 76-33218 
Geothermal Investigations In the San Luis Valley, 

south-central Colorado 
dordan, d. M. 
Colorado Mines 
unpaginatedp., 1974 
Subfile: B 
Degree Level: Master's 
Doc Type; THESIS Bibliographic Level: MONOGRAPHIC 

Languages: English 
Descriptors: •Colorado: •geotherraal energy; •geophysical 

surveys : econoraic geology; United States: surveys : 
Saguache County; south-central; San Luis Valley; resources; 
exploration; evaluation: thermal waters; electrical 

surveys; electromagnetic surveys; ground; Infrared surveys; 
airborne 
Section Headings; 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

805478 76-31724 
Low-velocIty zone under Long Val 

'teleseismic events 
Steeples. D. W.; Iyer, H. M. 
U. S. Geol. Surv., Menlo Park, Calif 
d. Geophys. Res. 81: 5, 849-860p. 
CODEN: dGREA2 
Subfile: 8 
Doc Type: SERIAL Bibliographic Lev 
Languages; English 
Note: Part of the U. S. Geolog 

research prograra in Long Valley, 
11lus.. tables 
Descriptors: •California; •geophysi 

energy ; seisraic surveys: United 
Long Valley: teleseisralc: P-wave 
traveltime; velocity; anomalies; 
interpretation; temperature; appl 
low-velocity zorie; methods; seismic 
Section Headings: 20 .(GEOPHYSICS. A 

ley as determined from 

, USA 
1976 

el: ANALYTIC 

ical Survey's geothermal 
California, 1972-1973, 

cal surveys; •geothermal 
States ; Mono County; 

s; delays; residual; 
techniques: models; 

ications; exploration: 
methods 
PPLIED) 

USA 
1976 

ANALYTIC 

._0.12866_ 

805476 76-31722 
Seismic noise survey in Long Valley, California 
Iyer, H. M.; Hitchcock, T. 
U. S. Geol. Surv., Menlo Park, Calif.. 
d. Geophys. Res. 81; 5. 821-840p., 
CODEN: dGREA2 
Subfile: B 
Doc Type; SERIAL Bibliographic Level 
Languages; English 
Note: Part of the U. S. Geological Survey's geothermal 

research program in Long Valley. California, 1972-1973, 
illus,, tables, sketch maps 
Descriptors: •California; •geophysical surveys; •geotherraal 

energy ; seismic surveys; United States ; Mono County; 
Long Valley; Long Valley Caldera; Owens River Basin; 
surface waves; arrays; noise; anomalies; sources; 
velocity; techniques; data; applications; exploration 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 
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805475 76-31721 
Deep electrical Investigations In the Long Valley geothermal 

area, California 
Stanley, W. D.: dackson, 0. B.; Zohdy, A. A. R. 
U. S. Geol. Surv.. Denver, Colo., USA 
d. Geophys. Res. 81: 5, 810-820p., 1976 
CODEN: dGREA2 
Subfile: 8 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note: Part of the U. S. Geological Survey's geothermal 

research prograra in Long Valley, California, 1972-1973, 
illus., sketch raaps 
Descriptors: *CalIfornia; •geophysical surveys; •geotherraal 

energy ; electrical surveys; United States ; Mono County; 
Long Valley; Long Valley Caldera; Casa Diablo; Whitraore; 
direct-current; electromagnetic surveys; resistivity; 
electrical conductivity: fractures; thermal waters; 
reservoirs; exploration 

Section Headings; 20 .(GEOPHYSICS, APPLIED) 

805474 76-31720 
Audiomagnetotelluric sounding as a reconnaissance 

exploration technique In Long Valley, California 
Hoover, D. 8.; Frischknecht, F. C ; Tippens, C L. 
U. S. Geol. Surv.. Denver, Colo., USA 
d. Geophys. Res. 81: 5, 801-809p., 1976 
CODEN: dGREA2 
Subfile: 8 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note: Part of the U. S. Geological Survey's geothermal 

reserach program in Long Valley, California, 1972-1973. 
illus., sketch maps 
Descriptors; •California; •geophysical surveys; •geothermal 

energy ; magnetotelluric surveys; United States ; Mono 
County; Long Valley; sounding; electrical conductivity; 
resistivity; methods: techniques: applications; 
exploration 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

805472 76-31718 
Convective heat flow from hot springs In the Long Valley 

Caldera, Mono County, California 
Sorey, M. L.; Lewis, R. E, 
U. S. Geol. Surv., Menlo Park, Calif., USA 
d. Geophys. Res, 81: 5, 785-791p., 1976 
CODEN: dGREA2 
Subfile: B 
Ooc Type: SERIAL BibliograJDhlc Level: ANALYTIC 
Languages: English 
Note: Part of the U. S. Geological Survey's geothermal 

research program in Long Valley, California, 1972-1973 
illus., tables, sketch raap 
Descriptors: •California; *heat flow; •therraal waters 

•geotherraal energy ; geophysical surveys; United States 
Mono County; Long Valley; Long Valley Caldera; hot springs 
distribution; teraperature; chemical composition; moveraent 
convection; conduction; raodels; raeasureraent; exploration 
Section Headings: 20 .(GEOPHYSICS, APPLIED) 

805471 76-31717 
Geothermal setting and simple heat conduction models for the 

Long Valley Caldera 
Lachenbruch, A. H.; Sass, d. H.; Munroe, R, d.; Moses, T. 

H., dr. 
U, S. Geol. Surv., Menlo Park. Calif., USA 
d. Geophys. Res. 81: 5, 769-784p., 1976 
CODEN: dGREA2 
Subfile: B 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Note: Part of the U. S. Geological Survey's geothermal 

research program in Long Valley. California, 1972-1973, 
illus., tables, geol. sketch map 
Descriptors: *CalIfornia; *heat flow; *magmas; •geothermal 

energy ; geophysical surveys; United States; evolution 
Mono County; Long Valley; Long Valley Caldera; measurement 
regional patterns; conductivity; sources: magraa charabers 
temperature: depth; exploration 
Section Headings; 20 .(GEOPHYSICS, APPLIED) 

805469 76-31715 
A gravity and magnetic Investigation of the Long Valley 

Caldera, Mono County, California 
Kane, M. F.; Mabey, 0. R.; Brace, R.-L. 
d. Geophys. Res. 81: 5. 754-762p.. 1976 
CODEN: dGREA2 
Subfile: B 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Note; Part of the U. S. Geological Survey's geothermal 

research program in Long Valley. California, 1972-1973, 
Illus.. geol. sketch maps 
Descriptors: •California; 'geophysical surveys; 'geothermal 

energy ; surveys; United States ; Mono County; gravity 
surveys; magnetic surveys; Long Valley; Long Valley Caldera 
; airborne; anomalies; interpretation; lithology; 
sediments; clastics; terrigenous; raetaraorphic rocks; 
metasedimentary; Igneous rocks; volcanic; intrusions; 
magma chambers; applications; exploration 

Sect Ion Headings: 20 .(GEOPHYSICS, APPLIED) 
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805159 76-31405 
Contrlbuto alio studio geofisico del Bacino Euganeo 
Geophysical study of the Euganean Basin 
Amadel. G.: Maino, 
Italy, Serv. Geol, 
CODEN: BOSGAF 
Subfile: 8 
Doc Type: SERIAL 
Languages; Italian 

A.; Motta, A,: Tribalto, G. 
Boll. 93. (1972). 3-21p., 

Bibliographic Level: ANALYTIC 
Summary Languages: English 

illus., table; geophys. surv. maps 
Descriptors: 'maps: •Italy; •geophysical surveys 
surveys ; Euganean Hills; Euganean Basin; 
lithology; possibilities; geothermal energy; 
surveys; gravity surveys; exploration 
Section Headings: 20 .(GEOPHYSICS. APPLIED) 

1973 

; Europe; 
structure; 
electrleal 

32; Special geothermal Issue, 

ANALYTIC 

energy 
Kamojang; 

80447 1 76-307 17 
Geothermal project, Indonesia 
Mahon, W, A, d. 
N. Z, Geochem, Group, Newsl, 
86-87p., 1973 
CODEN: NZGNBG 
Subfile; 8 
Ooc Type; SERIAL Bibliographic Level 
Languages: English 
Descriptors: 'Indonesia; •geothermal 

geology; Asia ; dava; Kawah 
CISolok-CiSukarame; resources; exploration 
geophysical surveys; geocheraical surveys 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

803644 76-29890 
Geothermal exp'loratlon In Ethiopia 
Lloyd, E. F. 
N. Z. Geochera. Group, Newsl. 

volcanological issue, 82-83p., 1972 
CODEN; NZGNBG 
Subfile; 8 
Country of Publ.: New Zealand 
Doc Type; SERIAL Bibliographic Level 
Languages: English 
Descriptors: •Ethiopia; •geothermal 

economic 
Darajat; 
surveys; 

28: Third special 

geology; Africa ; 
Erta'ale Volcano; 
exploration; hot 
prograras 

Section Headings: 

Lake District; Afar; 

ANALYTIC 

energy ; economic 
Danakil Depression; 

Tendaho Graben; Allellobeda; resources; 
springs; surveys; geophysical surveys; 

29 .(ECONOMIC GEOLOGY, ENERGV SOURCES) 

803549 76-29795 
Analysis of magnetic anomalies over Yellowstone National 

Park; mapping of Curie point Isothermal surface for geothermal 
reconna1ssance 
Bhattacharyya. B. K.; Leu. L.-K. 
Univ. Calif.. Dep. Mater. Sci. & Eng., Berkeley, Calif.. USA 
d. Geophys. Res. 80; 32, 4461-4465p. 
CODEN: dGREA2 
Subfile: 8 
Doc Type: SERIAL Bibliographic Level: 
Languages: English 
Illus.. sketch maps 
Descriptors: 'Wyoraing; 'geophysical surveys ; magnetic 

surveys ; Yellowstone National Park; United States; 
airborne; anomalies; techniques: raapping: Curie point; 
isotherms; interpretation; applications; exploration: 
geothermal energy 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

Berkeley, 
1975 

ANALYTIC 

802700 76-28946 
Search for geothermal seismic noise 

Imperial Valley, California 
Iyer, H. M. 

In the East Mesa area. 

U. S. Geol. Surv., 
Geophysics 40: 6. 
CODEN; GPVSA7 
Subfile; B 
Doc Type: SERIAL 
Languages: English 
Illus., sketch maps 
Descriptors: •California: 

Menlo Park, Calif.. USA 
1066-1072p., 1975 

Bibliographic Level: ANALYTIC 

•geophysical methods; •geotherraal 
energy ; geophysical surveys; 
States ; Imperial County; seismic 
Valley; Interpretation; noise; 
geothermal areas; experiraental 
applications; exploration 
Section Headings: 20 .(GEOPHYSICS 

seisraic raethods; United 
surveys; south; Iraperial 
anoraalies; heat flow; 

studies; field studies; 

, APPLIED) 

801077 76-27323 
Contribution of heat flow measurements to thermal resource 

Investigations In Sarasota County, Florida 
Sraith. D. L. 
Univ. Fla.. Dep. Geol., Gainesville, Fla., USA 
Fla. Sci. 39. Suppleraent I: 40th annu. ratg. Fla. Acad. 

Sci,, prograra issue, 26p.. 1976 
CODEN: FLSCAO 
Subfile: 8 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Descriptors: •Florida; •heat flow; +geotherraal energy ; 

geophysical surveys; United States ; Sarasota County; south 
(cont. next page) J O 
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geotherraal gradient: variations; measurement; 
applications; exploration; methods; geophysical raethods 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

hot rocks; dry rocks: teraperature; 
bipole-dipole; dipole-dipole; ground 

Section Headings: 20 .(GEOPHYSICS, APPLIED) 

techniques; 

Sarasota/Charlotte/DeSoto counties 

Supplement 
25p. , 

1 : 40th annu, 
1976 

mtg. Fla. Acad. 

801O73 76-27319 
Gravimetric studies, 
dohns, R. K. 
Fla. Sci. 39, 

Sci., program Issue, 
CODEN: FLSC&O 
Subfile: B 
Country of Publ. 
Ooc Type: SERIAL 
Languages: English 
Descriptors: •Florida; •geophysical surveys; •geothermal 

energy ; gravity surveys: United States ; Charlotte County; 
DeSoto County: Sarasota County; south; Gulf Coastal Plain; 
Bouguer anomalies; exploration; geophysical raethods; 
gravity methods 

Section Headings: 20 .(GEOPHYSICS. APPLIED) 

United States 
Bibliographic Level ANALYTIC 

799831 76-26077 
Toward estimating a regional geothermal resource base for 

Iceland; a status report 
Hermance, d. F.; Thayer, R.; Bjornsson, A. 
Geophysics 40; 1: Soc Explor. Geophys,, 44th annu. Int, 

meet.. 174-175p.. 1975 
CODEN: GPYSA7 
Subfile; B 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages; English 
Descriptors: •Iceland; *geophys1cal methods; •geothermal 

energy ; geophysical surveys; electrical methods: Europe 
electrical surveys; regional; Interpretation; techniques 
res ist ivi ty; 
poss ibi1 11 ies 

Section Headings 

programs; exploration; 

20 .(GEOPHYSICS. APPLIED) 

north-central 

799839 76-26085 
Geothermal exploration with the telluric-magnetotelluric 

method in northern Iceland 
Thayer. R.; Hermance, d. F. 
Geophysics 40; 1: Soc. Explor. Geophys.. 44th annu. int. 

meet.. 177p.. 1975 
CODEN: GPYSA7 
Subfile: 8 
Country of Publ.; United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 

•geophysical methods; *geothermal 
surveys; raethods; Europe 
magnetotelluric surveys; north 
magnetotelluric methods; ground 
mathematical models: exploration 

Descriptors; •Iceland; 
energy ; geophysical 
Earth-current surveys; 
earth-current methods; 
Interpretation; models; 
Section Headings; 20 .(GEOPHYSICS, APPLIED) 

799832 76-26078 
Deep electrical-resistivlty Investigations coupled with 

''dry'' geothermal experiments in New Mexico 
diracek, G.; Kintzinger, P. R. 
Geophysics 40; 1: Soc. Explor. Geophys.. 44th annu. int. 

raeet., 175p.. 1975 
CODEN: GPYSA7 
Subfile: B 
Country of Publ.: United States 
Doc Type: SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors; •'New Mexico; •geothermal energy; •geophysical 

methods ; geophysical surveys; United States; electrical 
methods ; Sandoval County; electrical surveys; Valle Grande 
Mountains; demez Mountains; exploration; resistivity; deep 

of geothermal systems In north 

; Dey. A. 
Explor. Geophys.. 44th annu. int. 

799827 76-26073 
Electrical exploration 

central Nevada 
Beyer. H.; Morrison, H. F. 
Geophysics 40: 1: Soc. 

raeet,, 174p., 1975 
CODEN: GPYSA7 
Subfile: B 
Doc Type; SERIAL Bibliographic Level: ANALYTIC 
Languages: English 
Descriptors; •Nevada; •geophysical raethods; •geotherraal 

energy ; geophysical surveys; electrical raethods; United 
States ; electrical surveys; north-central; interpretation; 
resistivity; automatic data processing; models; 
two-dimensional; exploration; programs 
Section Headings; 20 ,(GEOPHYSICS,'APPLIED) 

Phlegraean Fields, 
798228 76-24474 
Seismic noise survey at Solfatara Crater 

Italy 
Cappello, P.: Lo Bascio, A.; Luongo, G. 
Geothermics 3: 2, 76-80p., 1974 
CODEN: GTMCAT 
Subfile: 8 
Doc Type: SERIAL Bibliographic Level 
Languages: English 
Illus., sketch maps 
Descriptors: •Italy; •geophysical 

energy ; seisraic surveys; Europe 
Solfatara Crater; relation; spectra; 
distribution; frequency; temperature; rock 
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anomalies; thermal waters; genesis; volcanic; utilization 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

755267 75-21038 
A brief description of geological and geophysical 

exploration of the Marysville geothermal area 
Blackwell, D. D.; Brott, C A.; Goforth. T. T.; Holdaway, M. 

d.; Morgan, P.; Peteflsh, D.; Rape. T.; Steele, d. L.; 
Spafford, R. E.; Waibel, A. F. 

In Conference on Research for the Development of Geothermal 
Energy Resources (see Nakamura, Yukio); Resources exploration 
and assessment, p. 98-110, Illus. (incl. geol. sketch map), 
Calif. Inst. Technol,, det Propul. Lab,--Natl. Sci. Found. 

Pasadena, California. Washington, D. C , 1974 
Subfile: 8 
Languages: English 
Descriptors: •Montana; •Geothermal energy; 'Geophysical 

surveys; •Precambrian; •Phanerozoic ; Economic geology; 
Surveys; United States ; Lewis and Clark County; Marysville 
; Infrared surveys; airborne; gravity surveys; magnetic 
surveys; heat flow; seismic surveys; ground noise; 
microseisms; electrical surveys: dipole-dipole; resistivity 
; raagnetotelluric surveys; audlo-raagnetotelluric surveys; 
anomalies; sedimentary rocks; igneous rocks; Helena 
Limestone; Empire Shale; Intrusions; granitic: Cretaceous; 
Cenozoic; exploration; remote sensing; models; Spokane 
Shale; Marsh Shale; Greenhorn Quartzite: Black Mountain 
Quartzite 

Section Headings: 29 .(ECONOMIC GEOLOGY. ENERGY SOURCES) 

755265 75-2 1036 
The Colorado School of Hines Nevada geothermal study 
Keller, G. v.; Grose, L. T.; Crewdson. R. A. 
In Conference on Research for the Development of Geothermal 

Energy Resources (see Nakamura, Yukio); Resources exploration 
and assessment, p. 73-84, Illus. (incl. geol. sketch map). 

Calif. Inst. Technol., det Propul. Lab.--Natl. Sci. Found. 
Pasadena, California, Washington, D. C . 1974 

Subfile; B 
Languages: English 
Descriptors: 'Nevada; •Thermal waters; •geothermal energy; 

•Geophysical surveys ; Hydrogeology; United States; Surveys 
; Fly Ranch; hot springs; Indicators; systems: faults; 

active; infrared surveys; electrical surveys; resistivity; 
airborne: heat flow; exploration: remote sensing; 

microseisms; South Willow Formation 
Section Headings: 21 .(HYDROGEOLOGY AND HYDROLOGY) 

746110 75-11880 
Geophysics of Colorado and geothermal energy 
Keller. George V. 
In Proceedings of a Symposium on Geothermal Energy and 

Colorado, 
Colo. Geol. Surv., Bull. No. 35, p. 31-43, illus. (incl. 

sketch maps), 1974 
CODEN: CGBL83 
Subfile: 8 
Doc Type; SERIAL 
Languages; English 
Descriptors: •Colorado: •Geothermal eriergy ; Economic 

geology; United States ; exploration; therraal waters; 
springs; heat flow; geophysical surveys; gravity surveys; 
electrical surveys; resistivity; seismicity 

Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

739242 75-04637 
Exploration at a ''blind'' geothermal area near Marysvl1le, 

Montana[ abstr.] 
Blackwel1, D. 0. 
Ara. Assoc. Pet. Geol., Soc. Econ. Paleontol. Mineral., Annu. 

Mtg. Abstr. Vol. 1. p. 8-9. 1974 
CODEN: APGAB2 
Subfile: B 
Doc Type: SERIAL 
Languages: English 
Descriptors: •Montana; •Geothermal energy ; Economic 

geology: United States ; Marysville; exploration; blind: 
heat flow; geophysical surveys; microearthquakes; boreholes 
: Lewis and Clark County 
Section Headings: 29 (ECONOMIC GEOLOGY, ENERGV SOURCES) 

737098 75-02492 
Geophysical Investigations for Geothermal Energy Sources, 

Inperial Valley, California; Phase 1, 1968 Field Project 
Meidav, Tsvi; Rex, Robert W. 
Calif. Univ. (Riverside), Inst. Geophys. Planet. Phys.. 

Tech. Rep. No. 3, 54 p.. illus, (Incl. sketch raaps). 1970 
CODEN: CGPPAG 
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Subfile: 8 
Doc Type: SERIAL 
Languages: English 
Descriptors: 'California; •Geothermal energy; •Geophysical 

surveys; •Heat flow ; Economic geology; United States: 
Surveys ; Imperial Valley; exploration; resources; 
geothermal gradient; teraperature; depth; profiles; maps; 
Quaternary; raagnetic surveys; Bouguer electrical surveys; 
resistivity; Interpretation; regional patterns 
Section Headings: 29 .(ECONOMIC GEOLOGY, ENERGY SOURCES) 

Session, 
Trans.) 

ons of the 
a [abstr.] 

Section of 
1 Resource 

Vol, 54, No. 11, p. 1214, 

733835 74-38982 
Thermal and Electrical Resistivity Investigati 

Dunes Geothermal Anomaly, Imperial Valley, Californi 
Black, W. E.; Nelson, d, S,; Corabs, dira. 
in Fall Annual Meeting, San Francisco, 1973; 

Volcanology, Geochemistry, and Petrology; Geotherma 
Investigations; II, General 
Eos (Am. Geophys. Union, 
1973 
CODEN: EOSTAd 
Subfile; 8 
Doc Type; SERIAL 
Languages: English 
Descriptors: •California; •Geophysical surveys; 

•Geothermal energy ; Electrical surveys; United 
south; Imperial Valley: Dunes Geothermal 
measurement; geothermal gradient; anomalies; 
faults; San Andreas Fault; ground; re 
exploration; structure; temperature 

Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

733832 74-38979 
Heat Flow Studies In the State of Oregon [abstr.] 
Bowen, Richard G.: Blackwell, David 0. 

heat flow; 
States 
Anoraaly; 
relat ion; 
sistivity; 

San Francisco, 1973; Section of 
and Petrology; Geothermal Resource 
Session, 
Trans.) Vol. 54, No. 11, p. 1213, 

in Fall Annual Meeting 
Volcanology, Geochemistry, 
Investigations; II, General 
Eos (Am. Geophys. Union, 
1973 
CODEN: EOSTAd 
Subfile: B 
Doc Type: SERIAL 
Languages: English 
Descriptors: •Oregon; •Heat flow; •geotherraal energy 

Geophysical surveys; United States ; west; measurement 
deep: shallow; conductivity; anomalies; exploration 
regional patterns; possibilities 
Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

733828 74-38975 
The application of the self-potential method In the 

exploration for geothermal energy In Long Valley, California 
[abstr.] 
Anderson, 
in Fall 

Volcanology, 

Lennart A,; dohnson. Gordon R. 
Annual Meeting, San Francisco, 1973; Section of 
Geochemistry, and Petrology; Geothermal resource 

Investigation; I, Long Valley Symposium, 
Eos (Ara, Geophys. Union, Trans.) Vol 
1973 
CODEN: EOSTAd 
Subfile: 8 
Doc Type: SERIAL 
Languages: English 
Descriptors; 'California; •Geophysical surveys 

energy ; Electrical surveys; United States 
County; Long Valley; Casa Diablo; anoraalies; 
thermal waters: movement; ground water; self 
exploration; geophysical methods; hot springs 

Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

54, No. 11, p. 1212, 

•Geothermal 
east; Mono 

relat ion; 
potent1a1; 

733827 74-38974 
Audio-magnetotelluric sounding as a reconnaissance 

exploration technique in Long Valley, California [abstr.] 
Hoover, Donald B.; Frischknecht, Frank C ; Tippens, Charles 

L. 
In Fall Annual Meeting, San Francisco, 1973; Section of 

Volcanology, Geochemistry, and Petrology; Geothermal resource 
Investigation; I, Long Valley Symposium, 
Eos (Am. Geophys. Union, Trans.) Vol. 54, No. 11, p. 1212, 
1973 
CODEN; EOSTAd 
Subfile: B 
Doc Type: SERIAL 
Languages: English 
Descriptors; •California 

energy ; Magnetotelluric 
Mono County; Long 
experimental studies; 

•Geophysical surveys; •Geothermal 
surveys; United States ; east; 
Valley; audio-magnetotelluric; 
resistivity: anomalies; depth; 

hot springs; exploration; relation; therraal waters; 
geophysical raethods 

Sect Ion Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

733826 74-38973 
Direct current and electromagnetic soundings In Long Valley, 

California [abstr.] 
dackson, Dallas 8.: Stanley, William D.; Zohdy, Adel A. R. 
In Fall Annual Meeting, San Francisco, 1973; Section of 

Volcanology, Geochemistry, and Petrology; Geothermal resource 
Investigation; 1, Long Valley Symposium, 
Eos (Am. Geophys. Union, Trans.) Vol. 54, No, 11, p. 1212, 
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1973 
CODEN: EOSTAd 
Subfile; 8 
Doc Type; SERIAL 
Languages: English 
Descriptors: •California; •Geophysical surveys: •Geotherraal 

energy ; Surveys; United States ; Electrical surveys; 
electromagnetic surveys; east; Mono County; Long Valley; 
ground; anomalies; depth; structure; resistivity; 
explorat ion 

Section Headings; 18 .(GEOPHYSICS. SOLID EARTH) 

map of Long Valley, California 

1212, 

733825 74-38972 
A total-field resistivity 

[abstr.] 
Stanley, William D.; dackson, Dallas B.; Zohdy, Adel A. R. 
In Fall Annual Meeting, San Francisco, 1973; Section of 

Volcanology, Geochemistry, and Petrology; Geothermal resource 
investigation; I, Long Valley Symposium, 
Eos (Am. Geophys. Union, Trans.) Vol. 54. No. 
1973 
CODEN: EOSTAd 
Subfile: 8 
Doc Type: SERIAL 
Languages: English 
Descriptors: •California; •Geophysical surveys; 

energy : Electrical surveys; United States ; 
County; Long Valley; ground; interpretation; 
geology; hydrothermal alteration; resistivity: 
structure 
Section Headings; 18 .(GEOPHYSICS. SOLID EARTH) 

•GGOthermal 
east: Mono 
structural 

exploratIon; 

731108 74-36255 
Telluric current exploration for geothermal anomalies In 

Oregon 
Bodvarsson, Gunnar; Couch, Richard W.; MacFarlane, William 

T.; Tank, Rex W.; Whitsett, Robert M. 
Ore Bin Vol. 36, No. 6, p. 93-107, illus. (Incl. geol. 

sketch raap) . 1974 
CODEN: ORBIAW 
Subfilei B . 
Doc Type: SERIAL 
Languages: English 
Descriptors: •Oregon; •Geophysical surveys ; Electrical 

surveys ; telluric surveys; Klamath Falls; United States; 
observations; anomalies; heat flow; indicators; 
possibilities; geothermal energy; ground 

Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

725105 74-30246 
Geophysical logs from the Kilauea geothermal research drill 

hole 
Keller, George .v.; Murray, dohn C ; towle, Guy H. 
Soc. Prof. Well Log Anal. Annu. Logging Symp., Trahs. No. 

15, p. LI-L17, illus. (incl. sketch raap), 1974 
CODEN; LGSTA6 
Subfile; 8 
Doc Type: SERIAL 
Languages; English 
Descriptors; *Hawa11; •Wel1 - logging; •Geothermal energy; 

•Igneous rocks ; Geophysical surveys; Interpretation; 
United States; Basalt family ; Hawaii County; Kilauea; 
Temperature; gamma-gamma; neutron; electrical; acoustical; 
exploration; drilling; Basalt; physical properties; 

porosity; derisity 
Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

722937 74-28078 
Airborne Thermal Infrared Scanning used for Geothermal 

Energy Exploration 
De Donato, G. 
Geotherraal Energy Mag. Vol. 2, No. 4. p. 56, 1974 
CODEN: GTEMAd 
Subfile: 8 
Doc Type: SERIAL 
Languages; English 
Descriptors; •Africa; •Geophysical surveys ; Infrared 

surveys ; Ethiopia: Kenya; side scanning; therraal; 
airborne; applications; exploration; geothermal energy; 
resources 
Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

722767 74-27908 
Iceland; preliminary results of geologic, hydrologic, 

oceanographic, and agricultural studies with ERTS-1 imagery 
Williaras, Richard S.. J r . ; Boovarsson, Agust; Frioriksson, 

Sturla; Palraason, Guomundur; Rist, SIgurjon; Sigtryggsson, 
Hlynur; Saemundsson, Kristjan; Thorarinsson, Slgurour; 
Thorsteinsson, Ingvl. 

In Management and Utilization of Remote Sensing Data, p. 
17-35, Illus. (Incl. sketch maps). 
Am. Soc. Photogramm. Falls Church, Virginia, 1973 
Subfile: 8 
Languages: English 
Descriptors; •Iceland; •volcanology; •marine geology; 

•geophysical surveys; 'Geothermal energy; •Glacial geology ; 
Areal geology; Europe; Volcanism; Atlantic Ocean; Glacial 
features: Surveys ; Economic geology; geomorphology: 
ERTS-1: exploration; remote sensing; Eruptions; satellite 
Section Headings; 13 .(AREAL GEOLOGY, GENERAL) 

717157 74-22293 
Terrestrial heat flow and its implications on the location 

of geothermal reservoirs In Washington 
Blackwell, David D-
1n Energy resources of Washington, 

(cont. hext ^age) 
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Wash.. Div. Mines Geol., Inf. Circ. No. 50. p. 21-33, 
sketch maps, 1974 
CODEN: WCMCAI 
Subfile: B 
Doc Type: SERIAL 
Languages; English 
Descriptors: •Washington; •Heat flow; 'Geothermal energy ; 

Geophysical surveys; United States ; anoraalies: geothermal 
gradient; regional patterns; measureraent; Cenozoic; 
resources; exploration; possibilities 

Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

705014 74-10131 
Total-field resistivity mapp1ng--Levantam1ento del campo 

reslstlvo total [abstr.] 
Zohdy, Adel A. R. 
Soc. Explor. Geophys.. Annu. Int. Mtg. No. 43, p. 50-51 

(Engl.), p. 52 (Span.). 1973 
CODEN: SGAMB7 
Subf1le: B 
Doc Type: SERIAL 
Languages: English; Spanish 
Asoc Mex. Geofis. Explor. Mtg., No. 5, 
Descriptors: •Geophysical methods; +CaIifornia ; Electrical 

methods; Geophysical surveys ; Interpretation: resistivity; 
total field; evaluation; applications; exploration: 

geothermal energy; United States; Long Valley; Electrical 
surveys; Mono County 
Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

704997 74-10114 
Microearthquakes artd seismic ground noise mapping; 

conjunctive geothermal exploration tool--Cartograf1 ado de 
microtemblores de tierra y del ruido de la tierra-una 
herramienta conjunta de la exploradon geotermica [abstr.] 

Bailey, dohn R. 
Soc. Explor. Geophys., Annu. Int, Mtg. No. 43, p, 43 

(Engl.), p. 44 (Span.), 1973 
CODEN; SGAMB7 
Subfile: 8 
Doc Type: SERIAL 
Languages: English; Spanish 
Asoc. Mex. Geofis. Explor. Mtg., No. 5, 
Descriptors; •United States; •Geophysical methods; 

•geothermal energy; •Seismology ; Geophysical surveys; 
Seismic methods; microseisms ; Seismic surveys; 
Interpretation; microearthquakes; applications: exploration 
; structural geology; Regional; correlation; structure 
Section Headings: 18 (GEOPHYSICS, SOLID EARTH) 

704996 74-IOI13 
A review of geothermal exploration by Infrared line scanning 

In North America, Europe, and East Afr1ca--Una revision de la 
exploradon geotermica por barredor de linea infrarojo en 
Norte America, Europa y Este de Africa [abstr.] 

Hodder, David T. 
Soc. Explor, Geophys,, Annu. Int. Mtg. No. 43, p. 42 

(Engl.), p. 43 (Span.), 1973 
CODEN: SGAMB7 
Subfile: B 
Doc Type; SERIAL 
Languages: English; Spanish 
Asoc. Mex. Geofis. Explor. Mtg.. No. 5, 
Descriptors: •North Araerica; •Geophysical surveys; 

•geotherraal energy; •Europe; *Afr1ca ; Infrared surveys; 
exploration ; heat flow; east; airborne; interpretation; 
Geophysical raethods; infrared raethods 

Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

704995 74-10112 
An aeromagnetic study of the Colorado River Delta area, Baja 

California, Mexico--Estudio aeromagnetico del area del Delta 
del Rio Colorado, Baja California, Mexico [abstr.] 

De la Fuente Duch. Maurlcio: Sumner, dohn S. 
Soc Explor. Geophys.. Annu. Int. Mtg. No. 43, p. 42 

(Engl.), p. 43 (Span.). 1973 
CODEN: SGAMB7 
Subfile: B 
Doc Type: SERIAL 
Languages: English; Spanish 
Asoc. Mex. Geofis. Explor. Mtg.. No. 5. 
Descriptors: •Mexico: •Geophysical surveys; •tectonophysics; 

•geothermal energy ; Magnetic surveys; Plate tectonics ; 
Baja California; Colorado River Delta; airborne; 
Interpretation; structural geology: applications; 
exploration: structure: possibilities; movement; center; 
spreading; Panga de Abajo 
Section Headings; 18 .(GEOPHYSICS. SOLID EARTH) 

704994 74-10111 
Geoelectrical Investigations near The Geysers geothermal 

area, Callfornia--Investigac1ones geoelectricas cerca del area 
geotermica de Geysers, California [abstr.] 

Stanley. William D.; dackson, Dallas B. 
Soc. Explor. Geophys.. Annu. Int. Mtg. No. 43, p. 41-42 

(Engl.), p. 42-43 (Span.), 1973 
CODEN: SGAMB7 
Subfile: B 
Doc Type: SERIAL 
Languages: English; Spanish 
Asoc. Mex. Geofis. Explor. Mtg., No. 5, 

(cont. next page) 

# D I imjoG 
.,0-1288_4_ INFORMATION SERVICES. INC. 



P R I N T S User :U0015347 17Dec84 PRINT 1 1 / 5 / 1 - 5 5 4 PAGE: 
Item 506 of 

11 1 
554 

DIALOG File 89: GEOREF - 29-84/Nov (Copr. American Geological Institute) 

Descriptors: •California; •Geophysical surveys; 'geothermal 
energy; 'Ouaternary; •Sedimentary rocks ; Electrical surveys; 
United States; Properties ; north; Lake County; The 

Geysers; resistivity; correlation; gravity surveys; 
anomalies; interpretation; heat flow; exploration; 
electrical properties; igneous rocks; volcanic; Clear Lake 
Volcanic Series: applications 

Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

704992 74-10109 
Regional aspects of the geothermal resource base In 

northwest Mexico and the southwest United States--Aspectos 
regionales de la base de la riqueza geotermica en el noroeste 
de Mexico y suroeste de los Estados Unldos de Norte America 
[abstr.] 
Hermance, dohn F, 
Soc. Explor, Geophys., Annu. Int. Mtg. No. 43, p. 40-41 

(Engl,), p. 41-42 (Span.), 1973 
CODEN: SGAMB7 
Subfile: 8 
Ooc Type: SERIAL 
Languages: English; Spanish 
Asoc. Mex. Geofis. Explor. Mtg., No, 5, 
Descriptors: •Geothermal energy; •North America; 

•Tectonophysics; •Geophysical raethods ; Plate tectonics; 
Methods; Econoraic geology : Mexico; northwest: United 
States; southwest; structure; exploration; theoretical 
studies; Relation; sea-floor spreading; subduction; 
applications; geophysical surveys; Interpretation; seismic 
methods; gravity raethods; magnetic methods; magnetotelluric 
methods 

Section Headings: 26 .(ECONOMIC GEOLOGY, GENERAL » MINING) 

701995 74-07099 
Exploradon geoelectrica a lo largo de la Falla de Agua 

Blanca, B. C. 
Geoelectric exploration along the Agua Blanca Fault, 

Mexlco][abstr, 
Garcia Duran, Salvador; Gonzalez Salazar, Arturo. 
Union Geofis. Mex., Reun. Anu., Programa Resumenes 1973, p. 

11-12, 1973 
CODEN: UGMRAZ 
Subfile: B 
Doc Type: SERIAL 
Languages: Spanish 
Descriptors; •Mexico; •Geophysical surveys; •geothermal 

energy; 'Energy sources ; Surveys ; Electrical surveys; 
Baja California; Ensenada; Agua Blanca Fault; ground; 
explorat ion 

Section Headings: 18 ,(GEOPHYSICS. SOLID EARTH) 

696756 74-01859 
Seismic Noise In Geothermal Areas [abstr.] 
Iyer. H. M, 
Geophysics Vol. 38. No. 1, p. 177-178. 1973 
CODEN: GPYSA7 
Subfile: 8 
Doc Type: SERIAL 
Languages; English 
Descriptors: •California; •Geophysical surveys; •geothermal 

energy ; Seismic surveys; United States ; The Geysers: 
Imperial Valley; East Mesa; ground; noise; exploration 
Section Headings; 18 .(GEOPHYSICS. SOLID EARTH) 

704991 74-10108 
The application of the self-potential method In the search 

for geothermal energy--La api Icacion del metodo de potendai 
espontaneo en la busqueda de energia geotermica [abstr.] 

Anderson. Lennart; dohnson, Gordon. 
Soc. Explor. Geophys., Annu. Int. Mtg. No. 43. p. 40 

(Engl.), p. 41 (Span.), 1973 
CODEN: SGAMB7 
Subfile: B 
Doc Type: SERIAL 
Languages: English; Spanish 
Asoc. Mex. Geofis. Explor. Mtg., No. 5, 
Descriptors: •Nevada; •Geophysical surveys; •California: 

•geothermal energy ; Electrical surveys; United States ; 
north-central; Humboldt County; Golconda; Valmy; east; 
Mono County; Long Valley; Casa Diablo; ground; 
interpretation; anomalies; applications; exploration; 
structure; possibilities 

Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

696747 74-01850 
Exploration Significance of Recent Geophysical Surveys In 

the Mex1ca11-Cerro Prieto Geothermal Area [abstr.] 
Evans, Kenneth R.; Sumner, dohn S.; Del Castillo. Luis. 
Geophysics Vol. 38. No. 1. p. 171, 1973 
CODEN; GPYSA7 
Subfile; B 
Doc Type; SERIAL 
Languages; English 
Descriptors: 'Mexico; •Geophysical surveys; •geothermal 

energy ; Magnetic surveys ; Mexicali; Cerro Prieto; 
airborne; exploration 
Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

696745 74-01848 
Spectral Variability In Seismic Noise Measurements and 

Implications for Geothermal Exploration [abstr.] 
Crosson, Robert S.; Mayers. Ian R. 
Geophysics Vol. 38, No. 1, p. 168, 1973 
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CODEN: GPVSA7 
Subfile: B 
Doc Type; SERIAL 
Languages: English 
Descriptors: •United States; •Geophysical methods 

•geothermal energy ; Geophysical surveys; Seismic methods 
Seismic surveys: Washington; Oregon: Cascades; Klamath 
Interpretation; variations; spectra; noise; ground 
exploration 

Section Headings; 18 .(GEOPHYSICS, SOLID EARTH) 

674031 73-13302 
Geothermal activity In 1972 
Bowen, Richard G. 
Ore Bin Vol. 35, No. 1. p. 4-7. sketch maps, 1973 
CODEN: ORBIAW 
Subfile: B 
Doc Type: SERIAL 
Languages; English 
Geologic reconnaissance, geophysical surveys; temperature-g

radients, heat-flow measurements. Baker, Malheur counties, 
Oregon; development of geothermal energy, California 

Descriptors: •Oregon 
•Geophysical surveys 
Surveys ; exploration 

• Geotherraal energy; *Cal Ifornia; 
Economic geology; United States; 
production; electrical surveys; 

seismic surveys; acoustical surveys; magnetotelluric surveys 
; ground 
Section Headings: 26 .(ECONOMIC GEOLOGY. GENERAL S MINING) 

669867 73-09131 
Geothermal ground-noise surveys 
Douze, E. d.; Sorrells, G. G. 
Geophysics Vol. 37, No. 5, p. 813-824, illus. (Incl. sketch 

maps), 1972 
CODEN: GPYSA7 
Subfile: 8 
Doc Type: SERIAL 
Languages: English 
High noise levels above reservoir In frequency range of 

O.5-5.0 hz. complex pattern, California 
Descriptors: •California; *Geophys1cal surveys: •Geothermal 

energy; •Geophysical methods ; Acoustical surveys; United 
States; Acoustical methods ; Imperial Valley; exploration; 
Interpretation; ground 
Section Headings: 18 .(GEOPHYSICS, SOLID EARTH) 

Doc Type; SERIAL 
Languages: English 
Descriptors; •Mexico; •Geophysical surveys; •geothermal 

energy ; Magnetic surveys ; Mexicali: Cerro Prieto: 
airborne: exploration; magnetic methods 

Section Headings; 18 .(GEOPHYSICS, SOLID EARTH) 

665207 73-04472 
Recent geophysical exploration of the Kawerau Geothermal 

Field, North sland. New Zealand 
MacDonald, W. d. P.; Muffler, L, d, P, 
N. Z. d. Geol. Geophys. Vol. 15. No. 3, p. 303-317, illus. 

(Incl. sketch maps), 1972 
CODEN: NEZOAV 
Subfile: B 
Doc Type: SERIAL 
Languages: English 
Resistivity surveys, temperature measurements. major 

production frora fractures in andesite 
Descriptors: •New Zealand; •Geophysical surveys: •Geotherraal 

energy; 'Igneous rocks; •fractures ; Electrical surveys; 
Australasia; Andesite-rhyolite family; Genesis ; North 
Island; Kawerau Geotherraal Field; resources: Andesite; 
Tension; resistivity 

Section Headings: 18 .(GEOPHYSICS. SOLID EARTH) 

664252 73-03517 
Heat Flow Studies In Thermal Areas of The North Island of 

New Zea1 and 
Dawson, G. 8.; Dickinson, D. d. 
In United Nations Symposium on the Development and 

Utilization of Geothermal Resources, Proc, Vol. 2, Part 1, 
Geothermics Spec. Issue. No. 2. p. 466-473. Illus. (Incl. 

sketch raaps). 197 1 
CODEN: GTMCAT 
Subfile: B 
Doc Type: SERIAL 
Languages: English 
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Models of an extending lithosphere and heat 
flow in the Basin and Range province 

ARTHUR H . LACHENBRUCH 

J. H. SASS 
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345 Middlefield Road 

Menlo Park, California 94025 

ABSTRACT 

Reduced heat flow b the Basin and Range province is characteristically greater by 50% 
to 1(X)% than that in stable regions; in the hotter subprovinces like the Battle Mountain High, 
it is greaier by 300%, Evidence for distributed tectonic extension and magmatism throughout 
the province suggests that much of the anomalous heal is transferred from the asthenosphere 
by convection in the lithosphere, in the solid stale by stretching, and in the magmalic stale 
by intrusion. Simple sleady-state thermomechanical models of these processes yield relations 
among reduced heal flow, asthenosphere flux, lithosphere thickness, extension rale, and basall 
produclion by the asthenosphere. Thermal effects in an extending lithosphere lead to decreased 
estimates of temperature and increased estimates of lithosphere thickness in the Basin and 
Range province. Moderaie extension rales can account for high heal flow in the province 
wilhoul calling on anomalous conductive flux from the asthenosphere. The heai and mass 
budgets of bimodal volcanic ceniers suggest lhat they occur al points where the lithosphere 
is pulling apart rapidly, drawing up basall lo fill the void. Inlrusion can probably facilitate 
lithosphere extension at low stress levels either by brittle "hydrofracturing" by basaltic dikes 
or by warming and thinning caused by basaltic underplating. Whether lithosphere extension 
occurs in the distributed mode or in the plate-tectonic mode might depend largely upon whether 
the lateral divergence of mass can be. supplied by asthenosphere basalt, or whether it must 
be supplied by the ascent of very viscous ultramafic material which requires wide conduits 
separated by large distances. For a range of plausible models of distributed extension, the 
anomalous heat fiow increases roughly 1 HFU (10"° ca l -cm"^s" ' ) for every 1% to 2%/m.y. 
increase in extension rate; the relalion suggesis extension rates in the Great Basin consistent 
with estimates from siruclural evidence. It also suggests much more rapid local extension 
in the hotter subprovinces, an inference supported by limiled evidence from other sources. 
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INTRODUCTION 

Heal flow from the Earth's surface plays a central role in discussions of the tectonics 
of active regions. Allhough it is the principal source of information regarding temperature 
in the lithosphere and thennal manifestations of flow in the asthenosphere, the implications 
of heat flow are more ambiguous than is sometimes realized. The ambiguities are introduced 
at two distinct interpretive steps: (I) abstracting a generalized or characteristic heal flow 
from the observational dala for a region and (2) selecting a thermal model for downward 
continuation of this generalized surface heat flow. In a previous paper (Lachenbruch and 
Sass, 1977), we discussed the first step for the Basin and Range province in some delail. 
In this paper (which is a sequel to that one), we present an updated heal-fiow map and 
review the basis for selecting heal flows to characterize different regions in the province 
and the basis for the simple conduction model used to construct crustal geotherms. We then 
consider simple thermal models that arc thought to be more appropriate to an extending 
lithosphere. 

Relations between reduced heat flow and thickness of the continental lithosphere were 
discussed in terms of heat-conduction models by Crough and Thompson (1976) and Pollack 
and Chapman (1977). In their models the anomalous heal fiow at the surface (corrected for 
radioactivity) is the same as anomalous fiux conducted into the base of the lithosphere; no 
provision is made for convective transport in the lithosphere. Although each of these models 
is reasonable for the purpose for which it was used, the models cannot be applied to a lithosphere 
undergoing distributed extension; within such a lithosphere, material must be moving vertically, 
and verlical convection of heal must be taking place. In this paper we examine relations 
among surface heal fiow, extension rate, lithosphere thickness, and asthenosphere fiux for 
the simplest thermomechanical models of extension. Because ofthe complexity ofthe problem, 
we consider only steady-state models. The validity of the sleady-state assumption must be 
judged a posteriori, according to the resulling lithosphere thickness and the supposed duration 
of the geologic processes responsible for the thermal condition. Although the assumption 
is a serious limitation, it yields a useful limiting case that provides insight from simple analytical 
results. The models are discussed in terms of heai-fiow regimes believed lo be characteristic 
ofthe Basin and Range province; they indicate some constraints and options for the interpretation 
of heat How in regions of extensional tectonics. 

A list of symbols is given in Appendix 1. 

REVIEW OF THE STATUS OF HEAT-FLOW STUDIES IN THE 
BASIN AND RANGE PROVINCE 

RegionaJ Heat Flow 

The number of heal-fiow determinations suitable for a regional analysis in the Westem 
United Stales has now increased to more than 500 (from 2 in the 1950s), but still only gross 
regional generalizations are possible because of the irregular coverage and local variability. 
Figure 9-1 is an ufxiated version of the heal-fiow map presented recently by Lachenbruch 
and Sass (1977), to which paper the reader is referred for a background discussion. Wilh 
notable exceptions, the generahzed heat fiow throughoul most of the Western United States, 
and throughout the Basin and Range province in particular, is greater than. 1.5 HFU, the 
approximate average for the continents. A histogram for the Basin and Range province (Fig. 
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9-2) shows lhat in addition to having a large mean, the heat-fiow values in the province 
are widely dispersed. We have suggested elsewhere (Lachenbruch and Sass, 1977) that the 
large dispersion is caused primarily by convective transfer associaied with ground-water 
circulation and that the large mean is probably caused primarily by convective transfer by 
ascending magma. In the earlier paper (Lachenbruch and Sass, 1977), we considered the effects 
on regional heat fiow of circulatory hydrothermal convection; in this paper we shaU consider 
some effects of magmatic movements and solid-state convection in the lithosphere. 

The maps. (Fig, 9-1) show subregions of extremely high heat fiow (>2.5 HFU). Many, 
like the Long Valley volcanic cenier in eastem Caiifomia (LV, Fig, 9-la), are only a few 
tens of kilometres across. However, two large subprovinces, the Battle Mounlain High (BMH, 
Fig, 9-la) in northem Nevada (Sass and others, 1971) and the Rio Grande Rift (RGR, Fig, 
9-la) in central New Mexico and Colorado (Reiler and olhers, 1975), are taking shape as 
regional features, although their boundaries are not yei well defined. We have drawn the 
map in such a way as to suggest a possible cotmeclion between the Battle Mountain High 
and the Yellowstone volcanic region in Wyoming (Y, Fig, 9-la); the two are separated by 
the Snake River Plain (SRP, Fig. 9-la), a volcanic region in which the measuremenl of heat 
flow is complicated by hydrologic circulalion (Brott and others, 1976). The Snake River Plain 
also separates the Battle Mounlain High from a region of very high conduclive heat fiow 
and hydrolhermal activity in the Idaho batholith (IB, Fig. 9-la), 

Heat Production 

Several of the heat-fiow measuremenis in the Basin and Range province were made in 
granitic rock where determinations were also made of the radioaclive heal production (/(„) 
of core and outcrop samples. The heat-fiow-heat-production {tj-A^) dala for the Basin and 
Range province are displayed with similar dala from the Sierra Nevada province and the 
Eastern United States (that is, east of the Great Plains; see Fig. 9-lb) in Figure 9-3. The 
dala for the Sierra Nevada province and the Eastem United Stales follow the well-known 
linear relalion first discovered in radioaclive rocks of New England by Birch and others 
(1968). 

g = q,-i- DA,. (1) 

ID this relalion the intercept q, is the "reduced heat fiow" or heal fiow for zero surface 
radioaclivily. The slope D is a "characteristic depth" for the vertical disiribution of heat 
produclion (10 km for the Sierra Nevada; 7V2 km for the Eastem United Slates). Allhough 
this relalion has been widely discussed (for example. Birch and others, 1968; Roy and others, 
1968, 1972; Lachenbruch, 1968, 1970; BlaekweU, 1971; Lachenbruch and Sass, 1977), we consider 
it briefiy here, as it forms the basis for discussion to follow. 

The simplest interpretation, consistent with the requirement that equalion I survive differential 
erosion, is that heat produclion A (z) be distributed vertically (in the upper crust at least) 
approximately as 

A(z) = A,e- (2) 

Where equation 1 applies throughoul large provinces, the reduced heat fiow q̂  is uniform, 
and il is reasonable to assume that the more local effects expected from hydrologic and 
magmalic convection are unimportant and that q̂  represents uniform conductive fiux from 
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Figure 9-1. (a) A contour map of surface beat flow in the Western United States adapted from Figures 
1 and 2 of Laclienbrucb and Sass (1977) with additional U.S. Geological Survey unpublished data and 
new data in Idaho from Brott and others (1976). Abbreviations are BMH for Battle Mounlain High, EL 
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for Eureka Low, L V for Long Valley volcanic center, IB for Idaho Bathol i lh, SRP for easlern and Ceniral 
Snake River Plain, V for Yellowstone therraal area, and RGR for Rio Grande Rift, (b) Heat-flow contours 
superimposed on major physiographic units of tbe Weslern United Stales. 
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Figure 9-2. Histogram of heat flow in 
tbe Ba<;in and Range province. Statistics 
io brackets were determined without data 
from the Battle Mountain High (batched 
in histogram) and Eureka Low (stippled 
in histogram). 
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the deep cmst or manlle. If we assume uniform thermal conductivity K, the steady temperature 
e under these circumstances is given by 

e(z) = - - [ 9 ^ - F Z ? ' / ( „ ( i - e - ' " ' ) ] . (3) 

The depth to which equalion 3 or similar relalions based on equation 1 are valid depends 
upon (I) the depth to which heat transfer is predominantly by steady conduction and (2) 
the depth to which equalion 2 or similar relations between A (z) and A, are valid. 

WTien only a few heat-fiow-heat-production pairs were available from the Basin and Range 
province, they were described reasonably well by a regression line (dashed. Fig, 9-3) pro
posed by Roy and olhers (1968). However, from the accumulated data shown in Figure 9-3, it 
now appears that the linear relation does not apply throughoul the province as a whole; 
q, is not uniform, and D is not defined. However, it is still possible lo define the "non-radio
genic" contribulion q̂  for each sile (Roy and others, 1972) in a manner consistent with 
equation 1: 

q , ^ q - DA, (4) 

The distribution of reduced heat fiow q, for the Basin and Range province (Fig. 9-4b) has 
been compuled from equation 4 by assuming 2) = 10 km, the value eslablished in related 
rocks of the adjacent Sierra Nevada province (Fig. 9-3). From the data in Figure 9-4, we 
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Figure 9-3, Heat flow and 
radioactive heat production in 
crystalline rock from three 
provinces. Original least-
squares lines, labeled Sierra 
Nevada, Eastern U.S.i and B 
and R, are from Roy and others 
(1968); they predate most of the 
Basin and Range observations. 
DP is adjacent to the Lx>ng 
Valley volcanic center. 

concluded that variations in surface heal fiow caused by convective processes and their relaled 
transients are greater by a factor of perhaps 3 or 4 than those caused by lateral variations 
in cmstal radioactivity (Lachenbrach and Sass, 1977). 

Crustal Temperatures: A Static Model 

Almost half the values of q, in Figure 9-4b lie in the modal range 1.2 to 1.6 HFU. We 
take this lo be the characteristic range of q, for the province, based on the belief that mosl 
of the departures, bolh positive and negalive, result from circulatory hydrolhermal convection. 
However, in hotter subregions like the Battle Mountain High, q, is consistently greaier ihan 
2.0, and it averages aboul 2.5 HFU (the actual heat fiows, including those for which radioactivity 
was not available, average about 3 in the Battle Mounlain High, Fig. 9-2), The generalized 
craslal temperature profiles for the province (curves C, D, E, and F, Fig. 9-5) were obtained 
from equalion 3 by mlroducing the four values of q, (1,2, 1.6, 2,0, and 2.5 HFU) and the 
near-average value of 5 HGU for A„ (Fig. 9-4c), From the intercept value of the line for 
the Eastem United Stales (Fig, 9-3), we may infer that 0,8 HFU is a characteristic value 
for q, in stable regions (Roy and others, 1968). Curve B, Figure 9-5, shows the temperatures 
one should expect in the Basin and Range province if it were underlain by such a stable 
lithosphere. Shown also in Figure 9-5 (curve A) is the generalized curve for the Sierra Nevada 
province, where q, is only 0.4 HFU (see Fig, 9-3), As this is probably a transient condition, 
curve A probably underestimates lemperatures at depth (see, for example, Blackwell, 1971). 

Figure 9-5 is about as far as we can go al preseni ih constmcting geotherms with a steady 
conduction model and observations of heal fiow and radioactivity al the surface. In the more 
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Figure 9-4, Histograms of (a) heal flow, (b) reduced heat flow, and (c) radioactive 
beat production for sites at which both q and A, were measured in granitic rocks 
of tbe Basin and Range province. Statistics in brackets in (a) and (b) were determined 
without data from Battle Mountain High and Eureka Low. 
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Figure 9-S. Generalized conductive temperature profiles for the Sierra Nevada crust (A), a stable reference 
crust (B), the characteristic Basin and Range crust (C to D), and lower limiting (E) and average (F) conditions 
in the crust of the Battle Mountain High. All curves are drawn for a surf'ace beat production {A„) of 5 
HGU, characteristic depth,(/)) of 10 km, and therraal conductivity (K) of 6 mcal/(cm-s°C) (eq. 3). Surface 
beat flow and reduced heat flow are shown at the bottom of each curve. Melting relations (after Wyllie, 
1971) are shown for intermediate crustal rock by the curves GSS (granodiorite saturated solidus), GSL 
(granodiorite saturated Uquidus), GDS (granodiorite " d r y " solidus, Wyllie, type II), and GDL (granodiorite 
dry liquidus) and for basalt by BDS (basalt dry solidus), and BDL (basalt dry liquidus). In parentheses 
on the depth axis is shown the time constant for an overburden of thickness : (see text). 

stable regions, curves constmcted on this basis are probably reasonable throughoul the cmst; 
in active areas they may be useful down lo those deplhs where convective transport or transients 
become important. Although the applicabUity of Figure 9-5 to near-surface conductive regimes 
is based upon several uncertain assumptions, it represents a virtual certainty in comparison 
to the conjectures required for discussion of thermal processes deeper in the lithosphere in 
tectonically active regions like the Basin and Range province. 

DISCUSSION OF FIGURE 9-5 

Major Assumptions 

The scheme applied for downward extrapolation of temperatures from surface dala Ln Figure 
9-5 contains several assumptions that should be considered before we attempi lo generalize 
it to accommodate convection. The more imporiant ones are discussed below: 

1. Systematic convective loss at the surface is neglected. We have assumed that after correction 
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for the conlribulion of cmstal radioactivity, ihe average heat fiux through the Eanh's surface 
is 9„ determined from measurements of conductive fiux. We have therefore neglected heat 
delivered to the surface convectively by volcanoes and hot and warm springs. The thickness 
of post-Oligocene volcanic rocks in the Great Basin probably averages on the order of IOO 
m (E. H. McKee, 1977, oral commun.). Averaged over time, the contribulion of their heat 
to the combined surface fiux is negligible (~I0"^ HFU; see Fig, 9-15). With the exception 
of the Yellowstone sysiem, the holler known hydrolhermal systems presenlly are discharging 
heat at a rate that would nol significantly affect the regional cmstal heal budget (Lachenbmch 
and Sass, 1977), However, delails of the lolal hydrologic heat loss to the surface drainage 
from less conspicuous sysiems is unknown; this loss is neglected allhough it could be significani, 

2. The materials are homogeneous, lhe geometry is quasi-one dimensional, and the heat 
production is given by equation 2, The firsl two are obvious simplifications that usuaUy permit 
bracketing models withoul intuitive difficulty by selecting extreme values of the parameters. 
The assumption for radioactivity may be reasonable to cmstal depths, although values for 
tbe lower cmst are uncertain. If exiended deeper, equation 2 underestimates heat production 
in the upper mantle and results in an underestimation of lithosphere thickness and overestimation 
of temperature. The effect is easily bracketed by reducing the assumed fiux from the 
asthenosphere by the estimated heal produclion of the upper mantle and the possible underesti
mate by equation 2 for the lower cmst; plausible adjustments are not likely to exceed about 
0.3 HFU. 

3. The malerials are in a quasi-stationary thermal state. By this we mean that al any depth 
the temperature (and fiow for convective models to be discussed) has only short-term varialions 
about a steady mean value. To introduce the time context, we have shown on the ordinate 
axis (Fig. 9-5) the conductive time constant (T = z ' / 4 a , a = thermal diffusivity) for the 
layer of thickness z. For conduction raodels the quasi-stationary condition is approached in 
the layer one or three time consiants after a rapid change in temperature or heal fiux (respeclively) 
al depth z (Lachenbmch and Sass, 1977). (For example, the temperature is nearly steady 
throughout a 30-km cmst 7 m.y. after a rapid temperature change al its base [Fig. 9-5].) 
If conditions on z change slowly over lime periods large relative to the lime constant, the 
stationary model can be a good approximation even though neither temperature nor fiux is 
constani on z. 

4. Heal transfer to the depth of extrapolation is predominantly by thermal conduction. 
This may be the most significant limitation of Figure 9-5 in tectonically active provinces 
like the Basin and Range. There we have abundant evidence of heat tramsfer by mass movement 
in the forms of hydrothermal activity, magmatism, and cmstal extension. Under such conditions 
convection should nol be neglected; il probably contains the explanation for the high heal 
flow, so laboriously documented. 

Over periods 2:10* years the integrated effect on regional heat How of circulatory hydrothermal 
convection in the upper few kilometres of the cmst is probably unimportanl (Lachenbmch 
and Sass, 1977), and we presume thai this effect has been adequately filtered out by selecting 
modal values of 9,, in constmcting Figure 9-5, Hence, we focus on how magmatism and tectonic 
extension mighl affecl the high heat fiow observed. 

Simple Magmatic Model for Elevated Surface Heat Flow 

Figure 9-5 can be applied to a simple semiquantitative model for high heat fiow. Suppose 
basall rises through the lithosphere to some level H in the cmst where it is impeded, perhaps 
by a viscous siliceous mell generated as the basalt exchanges its heal with indigenous rocks 
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Figure 9-6. Tbe simple intrusive model. A sill at depth Wis mainlained at average teraperature 
e(//) by dikes at temperature e„ in a medium initially al temperature e„. The steady temperature 
in the conductive overburden is 9,. 

(Fig, 9-6a). Let the iniliai temperaiure of the lithosphere be 9,, and the lemperalure of the 
rising basall be e„ (Fig, 9-6b), Suppose e„ is curve C and e„ is BDS, Figure 9-5. If the 
basall supply were adequate to maintain the sill-hke melt al a time-averaged lemperalure 
e( / / ) , for a lime T ( / / ) , a stationary conduclive condition 8, would be established in the overburden 
(Fig. 9-6b). For exaraple, if / / = 20 km, 6(7/) = 900°C, then afier 3 m.y. (T (20 km), Fig. 
9-5) e, would be lhe curve F, Figure 9-5, lypical of the Battle Mountain High. Downward 
exlrapolalion from surface observations would correctly identify the magmatic lemperalure 
al depth H, but exlrapolalion lo greater depth (for example, for curve F) would not be valid 
because there the lemperalure could range, according to' posilion, belween e„ and 6„. To 
mainlain the silicic mell at 900°C, the rising basalt would, on the average, need to convect 
heal to the 20-km depth at the rale of 1.3 HFU (the difference between q̂  for curves C 
and F) to supply the upward heat loss, and in addilion such heal as might be required to 
approach a quasi-stationary slate beneath H. The quasi-stationary state beneath H would develop 
if the intmsive mass fiux, though intermillenl, were uniform over times on the scale of the 
time conslani T al each depth. Under these conditions the average temperaiure at each depth 
would assure that the combined conduclive and convective fiuxes al that depth were just sufficient 
to supply the 2.5 HFU required to sustain curve F (plus the requirements for lateral conveclion 
if there were extension). We shall consider an analytical model of this quasi-staiionary inlmsive 
condition later. For the present, il is sufficienl lo nole lhat in the stationary convecting zone 
the average gradient and temperatures will be lower than indicated by the curves of Figure 
9-5. This IS because the vertical gradienl is proportional to the conductive componenl which 
is only a fraclion of the combined fiux. 

Steady-State Conducting Lithosphere as a Limiting Case 

There is one more point to be made from Figure 9-5 before proceeding wilh tectonic models 
of high heat fiow. For such models we shall define the Uthosphere in a ihermal sense so 
that the temperature al its base is sufficiently high to generale substantial amounts of mell 
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if the composition permits. Hence, we take the base of the lithosphere R to be at the dry 
solidus temperature. Thus, 

e(/?) = G„(i?) (5a) 

where 

e„ = I050°C, 

(5b) 

(5c) 

and 

m = 3°C/km. (5d) 

The parameiers are chosen to coincide approximately wilh BDS, Figure 9-5, and we assume 
that this adequately represents the peridotite soh'dus in the upper mantle as well (see Fig, 
8-4, Yoder, 1976). It is emphasized that we are defining the lithosphere R as the region wilh 
temperatures below the dry solidus because the large amounts of basah required by the magmatic 
models (lo be discussed) probably could nol originate above the base of such a region (Wyllie, 
I97I). The lithosphere defined in lerms of seismic behavior may be substantially thinner than 
R because of possible effects in the upper mantle of melting below the dry solidus, high 
temperature, or contamination by basaltic intmsion, 

A formal extrapolation of the curves of Figure 9-5 to the solidus, e„, is shown in Figure 
9-7, These curves underestimate the thickness R of the lithosphere in a stationary ihermal 
slale for three reasons: (I) They neglect convective transpon, which as just discussed, would 
generally reduce gradients (for a given surface heat flow) and increase lithosphere thickness; 
(2) they are based upon an assumed uniform conduciivity of 6 mcal / (cms-°C) ; the actual 
conductivity of the mantle is probably larger and the gradienis would be correspondingly 
smaller; and (3) they are based upon the distribution of heat production given by equalion 
2, the effecl of which has been discussed. That 9-7 gives an underestimate is supported by 
the value for the "slable" curve which is /? = 94 km, substantially less than the values 
usually estimated for such regions. (Increasing K by one conductivity unit or decreasing q, 
by 0.1 HFU to accommodate upper-mantle conditions would each increase the estimate of 
the stable R by about 20 km; these effects are less important for the thinner extending lithospheres 
that we shall be considering.) 

SIMPLE MODELS OF A STEADILY EXTENDING LITHOSPHERE 

Cooditions in tbe Lithosphere 

It is well known from the pattern of normal faulting observed at the surface that the Basin 
and Range province is extending. 

If we view the extension as stretching in the homogeneous plastic sense (hke pulling taffy), 
we expect the Uthosphere to become thinner in the process. For a Uthosphere whose base 
is defined by a temperature condition (eq. 5), thinning will increase the gradient and hence 
the heal loss to the surface; this loss, in turn, wiU be limited by the rate al which processes 
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in the asthenosphere can supply heat lo the Uthosphere. If the extension rate of the lithosphere 
and the processes in the upper asthenosphere remain relatively uniform, the Uthosphere will 
evenlually reach a stationary thickness; the rale of accretion (lhat is, of descent of the 
basalt-melting isotherm) at its base wiU just compensate for the thinning. Two limiting cases 
of this model are illuslrated in Figure 9-8a and 8b. In one (STR, Fig. 9-8a) the accreting 
material is aU crystaUine, and in the olher (UPL, Fig. 8b) il is aU Uquid basalt which gives 
up its latent heat as it crystalUzes at the base of the Uthosphere, In a third model (INT, 
Fig. 9-8c) the extension is accommodaled by inlermiltenl intmsion of dikes that over long 
periods of lime are homogeneously distributed throughoul lhe Uthosphere, 

In the simple steady conduction model leading to Figure 9-7, the heal fiow at lhe surface 
q is simply lhe sum of lhe heal conducted mto the base of the Uthosphere and the radioactive 
heat generation within the Uthosphere, The latter, obtained from equation 2, is 

A^e- '^dz^A^D-A^De- (6) 

The second term on the right is the heal generated by the distribution (eq, 2) al deplhs great
er than R. Hence, for the model of Figure 9-7, heat conducted into the base of the Utho
sphere is 

+ A,De-' '"'^q^ R » D= IOkm, (7) 

TEMPERATURE, e. (°C) 
600 800 IOOO 

"T~" 
1400 

100 

Figure 9-7. Model of tbe static conducting lithosphere obtained by exteodiog tbe curves of Figure 5 (eq, 
3) to the solidus (9_, eq, 5), 
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Figure 9-8. Simple thermomechanical models of a steadily extending lithosphere 
of thickness R with base at solidus temperature, 6_(/?). (a) Homogeneous stretching 
witb accretion of crystalline material at the base (STR). (b) Homogeneous stretching 
witb accretion of solidifying basalt al the base (UPL). (c) Extension by distributed 
dike intrusion (INT). Arrows in (a) and (b) are velocity vectors (v, w), and i is 
horizontal strain rate. 
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Thus, for the simple static model the heat conducted into the base of the lithosphere is, 
for praclical purposes, the value of q, observed at the surface. In leclonically active areas, 
however, q̂  wiU generally contain contribulions from heal both conducted and convected 
into the base of the Uthosphere, and neither will be identifiable from thermal observations 
at the surface. (Their sum wiU nol equal q, because some heal is convected lateraUy Ln an 
extending lithosphere.) For completely specified mechanical models like those illustrated in 
Figure 9-8, the extension rate at the surface will determine the vertical velocity field in the 
Uthosphere, and wilh equation 5 the convective input to a lithosphere of any thickness wiU 
be known. However, the conductive fiux into the base of the Uthosphere is stiU unspecified; 
we shall denote il by 

+ A^De-'" ' '^q,. R > > D = 10 km. (8) 

(The radioaclive disiribulion [eq, 2] is being retained to permil a simple comparison of results 
with the sialic model,) For convenience we shaU refer lo the conduclive fiux into the base 
of the Uthosphere as q ,̂ allhough in the analysis the more coraplete expression on the left 
side of equalion 8 wiU be used. In general, q, wiU be less ihan q/, the two quanlilies wUI 
approach one anolher as the exiension rate goes lo zero. 

To determine the temperature distribution through an extending Uthosphere and the relalions 
among spreading rate, surface heal fiow, and Uthosphere thickness, we musl know q,. It 
is the only lerm in the Ihermal budget not determined by processes in the Uthosphere, Hence, 
the surface heal fiow contains information aboul asthenosphere processes only to the extent 
that it is sensitive to q„ and to the mechanical coupUng ai. z — R associaied with extension. 

Processes in the Asthenosphere and Limits to q̂  

Although the Uthosphere of the Great Basin is extending, it is in isostatic balance, and 
hence the mass per unil area is nol decreasing (Thompson and Burke, 1974). Il follows that 
mass musl be moving upward in the asthenosphere above some depth al which it is replenished 
by lateral Lnfiow. The fiow pattern, which is fundamental lo several of the tectonic models 
discussed in this volume, could take many forms. Consider three exlreme cases: (1) buoyant 
rise of a massive diapir or "plume" producing an active asthenosphere in which lhe horizontal 
strain rale diminishes upward near the base of the Uthosphere providing the viscous stress 
to puU the Uthosphere apart; (2) a passive asthenosphere, dragged apart and stretched as 
the Ulhosphere faUs apart, perhaps from regional gravitational stress, or (Scholz and olhers, 
1971; Christiansen and McKee, this volume) from changing boundary slress at the plate margins; 
and (3) penetrative conveclion of the asthenosphere by the melted fraction through a relalively 
static crystaUine framework; one source of melt might be the remnant of subducted material 
at depth. It is Ukely that (3) would operate simultaneously with (1) or (2), and the modes 
could change as the system evolves. For example, (I) and (3) could raise the lemperaiure, 
amd the lopographic changes caused by ihermal expansion or thinning of the Ulhosphere mighl 
generale gravitational stress operating in mode (2). The time for approach lo a stationary 
thermal slale could be on the order of lO' years. However, subslanlial heal transfer could 
occur Ln iransienl states, and the processes could have been in progress long before the 
initiation of basin-range faulting. Each of these modes has rather differenl impUcaiions for 
heat, mass, and momenlum transfer in lhe asthenosphere, but quantitative modeling is difficult 
asil is sensitive lo uncertain assumptions regarding chemical composition, mechanical properties, 
thermal conductivity, heal produclion, and choice of boundary condilions (for example. 
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Froideveaux and Schubert, 1975); we shaU not pursue il. Nevertheless, it is clear that the 
ultimate source of anomalous heal fiow in the Basin and Range province musl be the heal 
carried by mass moving upward in the asthenosphere, augmented perhaps by viscous dissipation 
in the fiow. 

Because of convection (Tozer, 1967), the coexistence of Uquid and crystaUine phases (Kay 
and others, 1970), and the role of radioactivity (Clark and Ringwood, 1964), the ihermal gradient 
in the asthenosphere raust generaUy be smaU relalive to thai in the Ulhosphere, Thus, a subslanlial 
proportion of the heal convected upward through the asthenosphere could be converted to 
internal energy by melting (and lo a lesser exient the work of volume expansion). To lake 
an exlreme example, the excess heal convected across a layer wilh 100°C lemperalure drop 
could aU be consumed by melting a 30% fraclion (if such a large meltable fraclion were 
present); the heat deUvered lo the base of the Ulhosphere might be only that conducted along 
a melting poinl gradient. For the numerical values we have assumed, that condition leads 
lo q„~0. l8 HFU, which is a lower limiting value for the models of Figure 9-8a and 8c; 
if q„ were less than 0.18, the geotherm would nol iatersecl the melling curve as required 
by equalion Sa. In any case, the upward movement of mass through the asthenosphere is 
Ukely to result Ln an increasing proportion of meh near its fop (Green, 1973). The beat stored 
Ln this melt cannot be deUvered to the surface unless the melt is aUowed to cool to subsoUdus 
temperalures, a process permitted by the "magmatic" models. Figure 9-8b and 8c. The rale 
of basalt produclion required by these models may be one of the more important constraints 
on asthenosphere flow imposed by heat-fiow observations. 

Additional limits to the value of q„ are imposed by the requirement that il reduce to q, 
(or sUghlly less if .we aUow for lhe uncertain radioaclivily of the lower cmst and upper mantle) 
as the extension rale goes lo zero, in which case the static model must oblain. If we beUeve 
that the high heal fiow and Uthosphere exiension are causaUy relaled, then lhe value of q, 
should approach the value characteristic of slable regions; q, ~ 0.8 (or perhaps as Utile as 
0.5, when we aUow for neglected radioaclivily). If we beUeve that high heal flow is nol 
causaUy relaled lo exiension, 9„ cannol exceed q̂  in any case. Beyond that, it is difficult 
to generaUze, and it is not obvious whelher q̂  would increase or decrease wilh increasing 
exiension rate. With a thinner Uthosphere characteristic of rapid exiension, fiowing material 
occurs higher in the upper mantle, probably reducing the gradient and conduclive fiux as 
discussed above. However, the estimate of ̂ „ is compUcated by the possibiUty of larger conductive 
fiux in a boundary layer at z = R; this is Ukely to be controUed by the latent heal release, 
an extreme case of which is accommodaled by the model of Figure 9-8b. 

The Steady-State Assumption 

For the ideaUzed models of Figure 9-8, we assume that the extending layer is in a ihermal 
and mechanical steady state, In terms of geological appUcations, this assumption is a mathematical 
fiction justified by iLe insight ii yields through simple analytical results, and by the fad 
thai alternative time-dependent models permil an enormous range of possibilities poorly 
constrained by our preseni knowledge. Surface manifestations such as faulting and exlmsion 
teU us that movements of mass in the cmst are Ukely to be episodic and nonuniformly distributed; 
each change in the velocity field wiU result in a time-dependent or "transient" response in 
the temperaiure field. We have assumed lhat short lerm variations in the velocity componenis 
average out to uniform values over periods of milUons of years, although even average values 
wiU, in general, vary on aU time scales. The time necessary for approach to a steady stale 
in a layer extending at an average uniform rate depends upon the conduclive lime constani 
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for the layer (T, see Figs. 9-5, 9-7), the mechanical mode and rate of extension, and upon 
the hisiory of thermal conditions al the lower boundary. This history depends upon Utlle-known 
processes of heal and mass iransfer al greal depth, and they would have to be-specified 
before we could describe the approach to equilibrium in the extending layer, - • 

Nevertheless, it is possible to make rough eslimates of geologic conditions under which 
Steady-slate results mighl reasonably be applied. For example, in the inlmsive mode (Fig. 
9-8c) il can be shown quite generaUy (Lachenbmch, unpub.) lhat if the basal temperaiure 
in a layer of thickness z' is held constani afler the time {t — 0) that exiension is initiated 
at a uniform strain rate s, then the transient temperaiure disturbance Ln the layer wiU decay 
as exp {- ( J T ( Z ' ) -I- (i7/2)^) t / t{z ' ) ) . Similariy, if conduclive fiux at the base is held constant, 
the leading term in the Fourier expansion for the transient decays as exp {— [ST{Z') -\- {tt/4) ]• 
t / t {z ' ) ) . In each case the boundary value may undergo a large iniliai change when exiension 
commences. According to these relalions the lemperalure change will generaUy exceed aboul 
85% of its equiUbrium value when the expressions foUowing the minus signs exceed about 
1,9, In the sialic case {s = 0), this occurs when t 2: V* T(Z') for conslani boundary lemperaiure 
and when / 2: 3 T(Z') for conslant boundary fiux, confirming the mle-of-thurab given in an 
earUer section. The firsl lerm in brackets, which represents the effects of convective transport, 
hastens the approach to equiUbrium for bolh boundary condilions; lhe effecl is importanl 
only for larger exiension rales. For exiension in the olher modes the situaiion is more compUcated; 
convection hastens the approach lo a steady stale for exiension at constani basal lemperature 
and retards il for exiension al conslani basal fiux. However, for the range of condilions 
expected lo apply regionaUy over periods of miUions of years, the static rale-of-thumb appUes 
reasonably weU to aU modes. 

The adjustmenl of Uthosphere thickness to its stationary value mighl significantly retard 
equiUbrium, depending on the mechanism and initial condition assumed, and plausible boundary 
conditions that would cause the thermal steady slale lo be approached more slowly than 
in the conslani fiux case, or more promptly than in the conslani lemperalure case, can be 
imagined. In general, however, if the lime conslani of the extending layer exceeds the period 
over which exiension can reasonably be considered uniform, the appUcabiUly of sleady-slale 
results should be considered with some caution. The present episode of exiension in the 
Greal Basin has probably been in progress for aboul 17 m,y,; Ln olher parts of the Basin 
and Range province, il probably started as much as 10 m,y, earlier (Christiansen and Lipman, 
1972; Stewart, 1971). The layer thicknesses associaied with lime constants of such durations 
are 45 km and 60 km, respectively. As these are ofthe same general magnitude as the expected 
lithosphere thickness in the Basin and Range province, il is not unreasonable lo expect steady-state 
results to give useful insight into average conditions there. Numerical details of the results, 
particularly for the thicker Ulhospheres, should, of course, not be taken too Uterally. [In 
another paper (Lachenbmch, in press), the theory is applied lo only the cmstal portion of 
an extending lithosphere, thereby avoiding the uncertainly associaied wilh longer time con
stants.] . 

ANALYTICAL RESULTS 

The model of Figure 9-8a (abbreviated STR) represents homogeneous stretching ofa Uthosphere 
whose thickness is maintained conslani by accretion of crystaUine material on its base. The 
model of Figure 9-8b is the same except that the accreting material is all Uquid basalt which 
gives up its latenl heal, a process we shall call "underplating" (abbreviated UPL), In these 
models convective transpon in the Uthosphere is in the solid stale. In the model of Figure 
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9-8c (abbreviated INT), vertical convective transport is by fiuid basall in dikelike inlmsions 
which, over long lime periods, generale an average stationary thermal slale. The intmsion 
accommodates Ulhosphere exiension wilhoul vertical solid-siale convection. Models similar 
to this one have been used by Bodvarsson (1954) and Palmason (1973) to describe condilions 
in Iceland. 

We let vv be the average upward velocity (in the negative z direction) and lel v be the 
horizontal velocity (in the y direclion) al any level in the lithosphere. The horizontal strain 
rale, denoted by s, is assumed lo be uniform in the Ulhosphere. Thus for an incompressible 
Uthosphere, the two-dimensional continuiiy condition is 

dw dv 

dz dy 
(9) 

Taking the origin al an arbitrary poinl (y = 0) on the surface z = 0, we oblain for the velocity 
components 

w = sz (10a) 

V = sy. (lOb) 

For tbe intmsive model, w is average upward velocity of basalt al any depth in the Uthosphere, 
thai is, the vertical volume flux of basall. Allhough we have given equalions 9 and 10 in 
two-dimensional form, the thermal models are quasi-one dimensional, and s can be viewed 
more generaUy as horizontal areal strain rate. 

For simpUciiy in these models, we assurae the ihermal conductivity [K = 6 mcal / (cms-°C)] 
and volumetric specific heat [pc = 0,6 cal/(cm'-°C)] of aU materials, Uquid and soUd, are 
the same. Effects of these assumptions are unimportanl for the preseni purpose; ihey can 
easUy be evaluated. The latent heat parameler L / c is assumed lo be 350°C, 

As in the simple conduclive model, we assume lhe distribution of heal produclion is given 
by equalion 2 with A„ = 5 HGU, i3 = 10 km, A minor modificalion of the foUowing results 
would allow for the finiie heal produclion of the lower Uthosphere, and this modificalion, 
and an adjustment of manlle conduciiviiy should be made if interest ceniers on Uthosphere 
thickness for smaU exiension rales. An additional modification of the foUowing equalions 
can accounl for mechanicaUy generaled heal. However, for the strain rales ( S l O " " s ~ ' = 
3%/m.y,) and devialory stresses ( s l kb) of interesl, the effecl is unimportant. 

Stretching with Crystalline Accretion (STR) or Underplating (UPL) 

The differential equation of heat iransfer for bolh cases is 

d 9 </e 

dz dz 
(11) 

The lerms from left to righl represent, respeclively, conduction, conveclion, and radioactive 
heal produclion. We iniroduce lhe notation 
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P̂  = 

e(z) = 

.rpc 

z^ 

2p^ 

(12a) 

(12b) 

where 3 is a characteristic length. In general, conduclive or convective iransfer will predominate 
according to whelher p is respeclively large or small relalive lo R. (In our applications the 
two quanlilies are generally of the same order of magnitude, and bolh forms of transport 
are important,) The quanlily E is inlroduced into the exponent in equalion 11 (wilh no imporiant 
physical consequence) lo oblain a simple analytical solulion. Introducing equations lOa, I2a, 
and I2b into equalion 11, we obtain 

d^e z dQ A„ 

dz^ ^^ dz ~ K 
(13) 

Boundary conditions are 

= 0 , 2 = 0 

rfe LR 
K = q„ + A , D € - " ' " - " ' ' ' + — - K , z = R. 

dz c P ' 

(14a) 

(14b) 

The lemperalure as- a funclion of depih z for Uthosphere thickness R, spreading rate s (relaled 
lo p through eq, I2a), and basal conduclive fiux q, is 

Hr ,R ,^ .g . ) = e ' " ' ' ' ' 
LR 

cP Mr) "^[i^) 
A D ' 

[ I - f " " ' + 0(6 (/?))], (15) 

The heal fiow is 

q ( z ; R , f i , q J ^ 
L R 

c P' 
^ (R=-^2 ) /2U ' ^ ^ ^ ^ _ , / D - . ( ' ) (16a) 

and al the surface z — 0 

q{Q;R,^,qJ = 
LR 

+ A n . (16b) 

Comparing equalions 16b and 4, we see that the first lerm (including the brackets) in 16b 
represents reduced heal fiow q .̂ Equalion 15 is a generalization of the static conduction model 
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(eq. 3) td which il reduces when i—• 0 (lhat is, when p—» oo). Equalions 15 and 16 represent 
the case STR when L = 0 and the case UPL otherwise. The enhancement of q, relative to 
q, caused by stretching of the Uthosphere is shown graphicaUy in Figure 9-9 for the case 
L = 0. 

Stationary Intrusive Model (INT) 

In this case basall rises through dikeUke fraciures al lhe lemperalure e„ (eq. 5). The differential 
equation for lhe average temperature 8 of the Uthosphere at depth z is 

d^^ 

d z ' 
K — r = - A ^ e ' " " -i- spc -(-7)] 

rfe„ 
— »vpc -

dz 
(17) 

The second lerm on the righl (including the brackets) represents heal given up by solidification 
and cooling of the magma in place. The last lerm represents heal given up by the magma 
during its rise; the term can be modified to accommodate exlmsion, bui that has been judged 
to be unimportanl lo the heal budget in the Greal Basin. Inlrqducing equalions 5b, IOa, and 
12a into equalion 17, we oblain 

17 i..-.,. ' 
- ( - ^ ) 

l m 
(18) 

Boundary condilions are 
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6 = 0 . 1 = 0 

</e K - q . - ^ A . D e - " " , z = R. 
dz 

(19a) 

(19b) 

The average temperature at any depth z for given R, s (obiained from P), and q, is Ihen 

\ 
rn<:h 

D ' I D ' Y ' 
e(z;̂ ,P,<7j = ^ . — ( ^ l - - ^ j — e 

- I / O 

\ 
cosh 

/ 

(-7) 
cosh 

1 -
R 

cosh — 
P / 

p r D' I D'v 
_ sinh • 

• - " " ' - I m K 

cosh' 

-̂  2mz. (20) 

The heat fiow al the surface z = 0 is given by 

9(0; 
/ D ' Y ' I D R 

{0;R.^,qJ = A „ D \ ^ \ - - ^ j ( ^ l - - l a n h -

K I L \ R 
— 1 6 . + — lanh — 
P V c / p 

l o - A^ 2m K 
I 

R 
cosh — 

P 

-1-2mA:. (21) 

Reduced heal flow q, is obiained from equalion 21 by subtracting A^D (see eq. 4), Like 
equalion 15, equalion 20 is a generalization of the static conduction model (eq, 3), 10 which 
it reduces as J —• 0. 
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Procedure for Applying (he Analysis 

The foregoing results satisfy the condilions for heal and mass fiux ai the base of-an extending 
Ulhosphere whose thickness R is arbitrary. We can therefore adjust R to satisfy the lemperalure 
condition (eq, 5a), We are then left wilh the four parameiers—surface heal fiow, asthenosphere 
fiux, extension rale, and Ulhosphere thickness—any two of which musl be known lo specify 
the Uthosphere regime completely for each spreading mode. Of these, the surface heal fiow 
is the mosl observable, and the radioactive conlribulion lo il (A^D) is relatively unimportanl. 
We shaU therefore investigate the Uthosphere conditions associaied with each of the slandard 
heal-fiow regimes, C, D, E, and F (Fig, 9-7), representing reduced heat fiows of 1,2, 1.6, 
2.0, and 2.5, respeclively. The aciual surface heal flows for which the calculations are made 
are each greater than q, by the radioaclive conlribulion, 0,5 HFU; mosl of the results do 
nol change in importanl ways for differenl radioaclive contributions, Wilh q, specified, assigning 
any one of the parameters s, q„, or R wiU determine the olher parameiers as well as lhe 
Ihermal regime 6(2) for each exiension mode. 

DISCUSSION OF THE ANALYTICAL RESULTS 

Figure 9-10 shows the model-dependence of attempts to deduce Ulhosphere conditions from 
a knowledge of reduced heat fiow. For example, the three curves that converge near the 
letter F, Figure 9-10a, show the combinations of s and q„, for each extension mode, lhat 
are consistent wilh the reduced heal fiow of 2.5 HFU, lypical of the Battle Mounlain High. 
As the extension rate j approaches zero, the asthenosphere fiux q, must approach the reduced 
heal fiow q,., and the curves converge to qa = q , = 2.5 HFU as.required by the static model 
(eq. 3, Fig. 9-7). As spreading rate s increases, the required reduced heat flow can be suppUed 
with a progressively smaller asthenosphere conlribulion q„; the difference is made up by heat 
transport associaied with vertical mass movemenl wiihin lhe exiending Ulhosphere. Lithosphere 
conveclion in lhe INT mode is the mosl effective in the sense that il can produce a given 
surface heat fiow with the leasl extension rate; STR requires the greatest. The depth to the 
source of basaltic meh R is iherefore greatest for the INT mode for a given spreading rate 
(Fig. 9-10b); the efficient convective transport greally reduces thermal gradienis in the lower 
Ulhosphere. For a given extension rate, STR and UPL yield the same R (Fig. 9-lOb), bui 
less asthenosphere fiux is required by UPL (Fig. 9-lOa or lOc) because of the conlribulion 
of lalent heat at its base. The value of this coniribution is the difference belween the ordinates 
for STR and UPL in Figure 9-10a and lOc. 

We shaU refer lo INT and UPL as the "magmalic modes." For bolh modes the volume 
increase of the extending Ulhosphere is accommodated by a magmalic increment W lhat musl 
be suppUed to the base of the Uthosphere al the rale sR (eq. 10a). Hence, 

W = sR (22) 

is the rale of basalt production (per horizontal unil area) required of the asthenosphere to 
sustain these modes. It is seen from Figure 9-lOd that for a given asthenosphere fiux the 
basall produclion required by any surface heat fiow is approximately the same for each magmatic 
mode; R is greaier for INT, but s is greater for UPL, and the produci sR (eq. 22) is approximately 
the same for each, (The dolled curves in Figure 9-IOd represent a combination model to 
be discussed,) 
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Figure 9-10. Relations among (a) asthenosphere flux and extension rate, (b) lithosphere thickness and 
extension rate, (c) asthenosphere flux and lithosphere thickness, and (d) asthenosphere flux and basalt production 
for STR (dash), UPL (dash-dot), and INT (solid). Each set of three curves labeled F represents a reduced 
heat flow of q, = 2.5 HFU; those labeled E are for q̂  = 2.0; D are for q,. = 1.6; and C are for q,, = 1.2. 
Heavy portions of curves in part (a) represent conditions satisfying relation 23. 

Depth to the Basaltic Source or "Lithosphere Thickness" R 

Figure 9-11 Ulustrates the relalion belween reduced heal flow and R for each of lhe ihree 
modes for an assumed asthenosphere fiux q^ of 0.8 HFU. (Values of R for olher values 
of q„ can be read from Fig. 9-lOc.) As e'xplained previously, 0.8 HFU is close lo the value 
of q„ expected in stable regions, but we do nol know a priori whether q, mighl increase 
or decrease with extension rate, or even if lhe two quanlilies should be functionally relaled. 
The static case q^ = q, (doited Fig. 9-11) represents an upper Umit to q, for aU three modes; 
it provides a lower limit to R. Thus, steady exiension of the lithosphere can result in a 
substantial increase in the estimate of thickness; the amounl of increase is sensitive to the 
mode of extension and lo the value of asthenosphere fiux. However, even in the sialic case 
for characlerislic Basin and Range province condilions (C to D, Fig. 9-11), R is al least 
40 to 60 km—considerably greater than the 30 km of cmst wilh which the Uthosphere of 
the Basin and Range is soraetiraes identified. For reasons presenled earUer, however, lhe 
depth 10 dry basalt melting mighl be substantiaUy greaier than the thickness of a seismically 
defined Ulhosphere, and the contradiction, if it exists, mighl be one of definiiion. 

Il is seen from Figures 9-10 and 9-11 ihai increasing reduced heal fiow does not necessarily 
imply decreasing Uthosphere thickness or increasing asthenosphere fiux q^. If the extension 
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Figure 9-11. Relation between reduced heat flow and lithosphere thickness at constant asthenosphere flux 
(9. = 0-^ HFU) for the three simple extension modes (sotid curves). Dotted curve is limiting static case 
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mode changes (for example, from UPL to INT), it is quite possible for q,. to increase whUe 
Uthosphere thickness increases and/or asthenosphere fiux q„ decreases. 

Steady Temperatures in an Extending Lithosphere 

The four soUd curves in each part of Figure 9-12 show lemperature profiles for each of 
the surface condilions C, D, E, and F in an extending lithosphere. Solid curves in Figure 
9-12a, 12b, and I2c show each mode for the intermediate value q„ = 0.8 HFU. SoUd curves 
in Figure 9-12d, 12e, and 12f show each mode for the lower limiting value q„ - 0.18, HFU, 
and the dashed curves on each figure represent the upper limiting case q , = q^, reproduced 
from Figure 9-7. The exiension rale (j) compatible with each case is shown beside the soUd 
curves; the value of s for each dashed curve is, of course, zero. Comparison of the dashed 
curves with the corresponding soUd ones iUustrates how steady convective transport within 
the Uthosphere reduces estimates of average temperature (for a given q,.) al each depth and 
increases the depth R to the basaltic source. 

The sialic model and the six interpretations of the exiending Ulhosphere are compared 
for average conditions in the Bailie Mounlain High (regime F) in Figure 9-13a and for a 
characteristic Basin and Range condilion (regime D) in Figure 9-13b, Upper cmstal temperatures 
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Figure 9-12. Geotherms for lithospheres extending in the three simple modes, STR (a and 
d), UPL (b and e), and INT (c and t). Dashed curves are for the static case {q, = q )̂ reproduced 
from Figure 9-7. Solid curves in (d), (e), and (f) are for the lower limiting value 9, = 0.18 
HFU; in (a), (b), and (c) they are for q̂  = 0.8 HFU. Each set of four curves represents (from 
top to bottom) reduced heat flows of 2.5, 2.0, 1.6, and 1.2 HFU. Numbers after each solid 
curve denote extension rates in percent per million years. 

are reasonably similar among each set of models; varialions are up lo perhaps lOCC al mid-cmsial 
levels ( 2 — 1 5 km). Temperalures near the base of the cmst (2 — 30 km) vary almost 300°C 
among models for the Baiile Mountain High (Fig. 9-13a) and almost 200°C among those for 
the characteristic Basin and Range condition (Fig, 9-13b), UPL gives higher temperatures 
and a thinner Uthosphere than INT; for UPL the magmatic source occurs al the base; for 
INTil is distributed throughoul lhe Ulhosphere, STR requires very large extension rates because 
it has no magmalic source, ll is seen ihal for both regimes (F and D) the depth to basall 
melling R varies by a factor of 2, even when the sialic model is excluded. Comparison of 
Figure 9-13 wilh the melting relalions in Figure 9-5 shows lhat partial melting of cmstal rocks 
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is possible in the Basin and Range province even under the reduced temperatures given by 
steady Ulhosphere exiension. 

Relation Between Reduced Heat Fiow and Extension Rate 

The solid curves of Figure 9-14 iUustrate how extension affects reduced heat fiow in a 
Uthosphere extending under constant asthenosphere fiux q„ assumed_to be 0.8 HFU. The 
dashed curve is for the intmsive mode wilh q„ al its lower limiting value, 0.18 HFU, The 
proximity of the two curves for INT shows the insensitivity to q„ of the relalion belween 
q, and s for that mode. This insensitivity is illustrated more generally in Figure 9-10a by 
the near-vertical lower portions of the INT curves. If we knew extension was in the INT 
mode and lhat q, did not increase rapidly wilh s, then heal fiow q̂  would be a good measure 
of spreading rale s. 

In considerations of Ulhosphere lemperaiure (for example. Fig, 9-12).or thickness (Fig. 
9-11) the static case gave a useful Umit. This is not so in considerations of spreading rate 
which, of course, goes to zero as q„—*qr- In an attempt to abstract some rule-of-thurab 
from the range of possibiUlies in Figure 9-10, we have shaded the region in Figure 9-14 in 
which the reduced heat flow increases from a characlerislic stable value of 0.8 HFU al the 
rate of 1 HFU for every 1% to 2%/m.y . increase in spreading rate. The relation is 

9 , (HFU) ~ 0.8 - i - ^ l o / x 5 (%/m.y.). (23) 

This region encloses a substantial range of plausible models, particularly if a portion of the 
extension is accommodated by dike intrusion. The range of conditions falling within the region 
described by the relalion 23 is shown by the darkened porlions of curves in Figure 9-lOa. 

Basalt Production 

The relations among reduced heat flow q,., asthenosphere flux q,, and basalt production 
Wshown in Figure 9-lOd for bolh UPL and INT can be represented quite weU by the dimensional 
relalion 

igr - g J [HFU] = 1.6 W [km/m.y . ] . (24) 

This relation can be viewed siraply in terms of Figure 9-15 which shows the steady heat 
fiux Aq frora the surface of the Uthosphere that would be produced by a volume fiux of 
basalt Wmto its base. We assume lhat basalt enters al 9„ (^ ) and loses its heal at the average 
ambient lemperalure 6 ' . Thus, 

A q = pc 8 „ ( ^ ) - 6' + — 
c 

W. (25) 

We assume Q„ iR)= 1200°C, pc = 0.6 c a l c m " ' - ° C " ' , and L / c = 350°C. The slope for the 
curve 6 ' = 700°C in Figure 9-15 is aboul 1.6 HFU per km/m.y. This is the same as the 
slope in equation 24, generalized for INT and UPL from Figure 9-lOd. Thus, Ln the INT 
mode, for which aU of the convected heal is carried by basall, the basall musl lose its heal 
10 the Ulhosphere at an average temperature of aboul 700°C, For UPL the basaltic heal is 
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given up at B„(R), a condition represenied approximately by the curve 6 ' = 1200°C (Fig. 
9-15). As the curves for UPL and INT coincide in Figure 9-IOd, the difference between ordinates 
of the curves for 1200''C and 700°C, Figure 9-15, must represent the contribution of soUd-state 
convection (that is, vertical moiion due to stretching) in the UPL mode. 

Applying equation 22, we see that equalion 24 yields an increase in heat fiow wilh spreading 
rate at the rate of 1%/m.y. per HFU for R ~ 62.5 km and 2%/m.y . per HFU for J? = 31 
km. These are reasonable values consistent wilh relalion 23 and with a simple version of 
the INT model presenled elsewhere (Lachenbmch and others, 1976) and with a special case 
considered by Oxburgh and Turcotte (1971). 

The rales of basall produclion required by exiension in the magmalic modes are very large. 
Even if we assume the asthenosphere fiux is 1.2 HFU (a sialic condilion for regime C), 
the average produclion required Ln the characteristic Basin and Range regime (C to D) is 
—O.I km/m.y . ; for q, = 0.8 it is greaier by a facior of 3 (Fig, 9-IOd). For lhe average Baltic 
Mounlain High regime (F, Fig. 9-IOd), basalt production at the rate of about I km/m.y . 
is required for q^ = 0.8, and 0.6 km/m.y . even Lf q„ is large as 1.5 HFU. For comparison, 
the Columbia basall fiows, wilh an average thickness of I to 2 km emplaeed in 2 lo 3 m.y., 
represent a rate of supply (per unil area) of 0.3 to 1 k m / m . y . (Baksi and Watkins, 1973; 
Swanson and others, 1975). Thus, if the high heat fiow in the Basin and Range province 
is due primarily to basaltic additions to a steadily extending Uthosphere, basah must be supplied 
in the large hotter subregions at a rate comparable to that of the Columbia Plateau exlmsion 

•4 
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for many millions of years, and throughout the province as a whole al a rate less only by 
a facior of perhaps 3 to 5, The basall requiremeni can, of course, be reduced (or eliminated) 
if il is assuraed lhat part (or all) of the lithosphere is extending in the non-raagmalic mode 
(STR), 

(It is interesUng lo nole from Figure 9-15 lhat magmalic heal delivered by exlmsion during 
the Columbia Plateau events represents 1 lo 3 HFU; for inlrusion in the INT and UPL modes 
at comparable rates, the magmalic conlribulion lo heat fiow would be less by factors of 
aboul 2 and 4, respectively,) ^ 

X 

3 

o u 

Rate of bosoll supply al base, W, km/m,y . 

Figure 9-15. Steady surface heat loss Aq from a layer receiving basalt through 
its ba.sc at the rate Jf at 1200°C; the basalt's heat is lost to the layer at tbe average 
ambient temperature 6'. 
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Combined Models 

Although the simple exiension modes of Figure 9-B yield useful limiting c^ses, il is of 
interesl to combinethem in various ways to describe more meaningful geologic mbdels. There 
are I'wo simple combination schemes: (1) io allow more than one mode to operate al each 
depth, or (2) to allow one mode to operate in a layer extending ftoni the surface td depth 
H and a ;second to operate in the region between H and /?; The first scheme was impUcit 
in the, foregoing discussion of Umiting special cases. In this section we-consider a few-examples 
ofthe seepnd scheme. Results are obtained by mddifying lhe equations tomatch the lemperaiure 
and conductive'fiux al the interface z ~ H. As lhe velociiy fields, are the same fpr aU modes 
(eq. 10), the. coritinUity of mass flux and conveciive fiux at the boundary is assured. In the 
layered models, we can generally accqmmodale any esiirrialed departure from steady condilions 
in the lower layer by adjusting our estimate of q ,̂ which is unknown in any case. 

Dike Intrusion Overlain by Underplating 

This inodel detioied by UPL(fl')/INT, and illusiraied in Figure 9-16d, provides .one quantitative 
version of the "simple magmatic model" illustrated in Figure 9-6. Extension of. the lower 
lithosphere (below / / ) is accommodated by dike intrusion, and above// by soUd-stale stretching; 
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for exaraple, normal faulting. The thinning of the upper layer is compensated by slow sill 
formalion al depth H. (For this model, il is necessary to replace L i e in equations 14 lo 
16 by \ L l c -\- Q„(.H) — e(//)) to accounl for sensible heal released by'lhe basaltic conlribulion 
to the siU,) 

Figure 9-16a, I6b, and 16c iUustrates two cases, / / = 10 km and / / = 30 km, both of which 
are bracketed in all three representations by the simple modes INT and UPL, to which the 
combined mode reduces when / / = 0 and H = R, respectively. As both modes are magmatic, 
basalt produclion (Fig. 9-IOd) is nol sensitive lo the value of H. 

The case H = 10 approximaies the model of the Basin and Range province by Thompson 
and Burke (1974) wherein extension in the upper 10 km is accommodated by normal faulting 
and at greaier deplhs by dike intmsion. It is seen from the curves H — 10, Figure 16a, I6b, 
and 16c, thai departures from INT caused by the layer of normal faulling are generally 
unimportanl. 

The case / / = 30 km represents a cmst extending by underplating above an upper manlle 
extending by dike intmsion. For the hottest regimes, il is approximated weU by UPL, and 
for the coolest it is closer lo INT. Temperalures can be estimated from Figures 9-12 and 
9-13. 

Dike Intrusion Underlain by Stretching 

The large basalt production required of UPL and INT stems from the requirement lhat 
the volume change on exiension be made up by magmatic contributions throughoul the entire 
Uthosphere of depth R. In this model (denoted by lNT(/ / ) /STR and iUustrated in Fig. 9-l7d), 
basalt, origina.ting at R, rises through the lower region (below H), but it does not reside 
there. For example, the basalt mighl rise as lenticular dikelike bodies thai pinch off on their 
lower ends as firsl suggested by Weertman (1971; see also Secor and Pollard, 1975). The 
basalt forms dikes Ln the layer above H which we shall take to represent the crust by selling 
/ / = 30 km. Below H the upper manlle (down lo lhe depth R of basalt melling) exiends 
by homogeneous stretching; this region can be viewed as part of cither the lithosphere or 
the asthenosphere. 

In this case we must distinguish belween lhe volume fiux of the rising basall w, and the 
vertical velocity associated with stretching w .̂ Hence, 

w = sz (26a) 

= w -F w. (26b) 

where 

w., = sz, 0 < z < H 

= sH, H < z < R 

(27a) 

(27 b) 

and 

^s = 0, 0 < z < H (27c) 
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^ s { z - H ) , H < z < R . (27d) 

As basall raasses rise from R lo H, maintaining their melling lemperalure •€„, ihey will 
cool and release heal al lhe raie 

d^„ K 
pew- = -— Hm, H < z < R. 

dz B ' 
(28) 

The influence of lhis conslani source has been added to equalions 15 and 16 to accommodate 
this sraaU effecl in lhe calculations. 

For condilions iUustrated in Figure 9-17a and 17b, the combined model is bracketed by 
STR and INT, to which the model reduces when / / ^ O and R, respeclively. On physical 
grounds the curve H = 30 musl pass lo the curve INT as a progressively increasing proportion 
of the basall freezes in transit through the upper manlle. Hence, the region bounded by 
these two curves (// = 30 and INT, Fig. 9-17a, 17b, and 17c) may represent a range of plausible 
condilions. The region satisfies the relation 23 over a broad range of parameiers (darkened 
portions of curves. Fig. 9-17a). It is interesting that lhis combined model yields an equilibrium 
depth to basall melting (Fig. 9-17c) even greaier than INT; for q, = 0.8 HFU, R varies from 
48 km in regime F to 75 km in regime C. As only the cmst (of thickness H = 30) is exiending 
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Figure 9-17. Combinations of asthenosphere flux q„, extension rate s, and lithosphere thickness R compatible 
witb the characteristic reduced heat flows (regimes C, D, E, and F) for the mode INT(//)/STR shown 
schematically in part (d). Values oo curves represent H in kilometres; curves H = 0 and H = R represent, 
respectively, STR and INT reproduced from Figure 9-10. Heavy portions of curves in part (a) represent 
conditions satisfying relation 23. 
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in a magmatic mode, basalt pro.duction W is given by sH, 'Showr by ihe dotted curves in 
Figure 9-lOd, Although it is still substaritial in this; combined model, the basah produclion 
is considerably less than that required by the pure magmatic inodes. 

Temperatures for this combined model with q„ — 0.8 HFU are.shown in Figure 9-18; they 
could have, been anticipated fairly well from the, inforrnation in Figure 9-17 and the curves 
of Figure 9-12. Extensiori rates required by the model are shown by numbers or the curves 
of Figure 9-18- they satisfy relation 23. 

Other Modes 

It has been shown that the three simple modes of Figure 9-8, iridividually and in combination, 
are sufficient to indicate the thermal effects of uniform extension of a Uthosphere of constant 
thickness under a variety, of conditions of sill and dike intrusion and stretching.. However, 
thesg'modes do not corriplete the possibilities. For example, we could consider a fourth mQcle, 
"bverplating," wherein sill injectipn at the top of a layer is compensated by stretching of 
the layer, and soUd-state convection is downward. This case can be treated by a simple 
modification of the foregoing results. Unlike stretching and dike intmsion, siU intrusion does 
not req uire: extension. Thus, plausible magmatic models of elevated heat flow Ln a noii-exiending 
lithpsphere might involve the steady supply to a siD at the rate WQuiijm.'^.) at some.depth 

200 400 

T.EM PERATU RE. e.C'G) 

600 BOO IOOO 

in 

5 40 

o 

X 
t -
o. 
Ul 

a 

60 

80 

100 

1200 

2 

2 
t . 

UPPER 
"JANTLE 

L • a \ ^ * .iTi. ^ T -i. , j . , I, , t / - i ^ ^ • ^ ^ X ^ n ::.| 

Figure 9-18. Comparisos of geotherms for the static (dashed) and 1NT(:30)/STR (solid curves) models 
for regimes C, D, E, and F, Numbers on solid curves are extension rate ID percent'per miilibn years. 
Physical model is shown schematically by inset. 



^ 

242 "LACHENBRUCH AND SASS 

where, the rising magma spreads laterally (perhaps because of loss of buoyancy or formation 
of viscous melts in the Ught crustal rocks). For such cases, the conlribulion^of magmatic 
hea"t 16 surface heat fiow can be estimated roughly from Figure 9-15, and the attenuation 
of asthenosphere flux from below (by downward conveclion in the verticaUy displaced lower 
Uthosphere) can be estimated from resuhs like: equation 10 of Lachenbruch and Sass (1977), 
Although such stationary models, and their transient generaUzations,, are probably appropriate 
fpr describing, some heat-fiow anomalies, we have not considered them here, as we are 
investigating the thermal implications of tectpnic extension. 

DISGUSSION AND APPLICATIONS 

In tbe stable Eastem United States, the reduced heat flow is about 0,8 HFU; in the Basin 
and .Range province, reduced heat fiow is characterisiicaUy greaier by 50% to 1()0%, and in 
the Battle Mountain High subprovince by 300%, We surmise that these high heat, flows- are 
caiised in some way by lithosphere extension and .magmatism, for which there is abundant 
evidence in the province. What do the high heat fiows tell us about these processes and 
about the temperature and thickness of'the underlying Uthosphere? The answer depends upon 
the'mechanical mode, of extension, the conductive flux from the asthenosphere q„ and the 
thermal history, aU of which are unknown. We have investigated the question with simple 
steady-state tbennomechanical models, of extension and arbitrary asthenosphere flux. The 
Uthosphere would be hottest and thinnest if the, reduced beat flo-w q, (with a smaU correction 
for neglected radioactivity) were equal to the asthenosphere fiux q .̂ Strictly speaking, however, 
in that case-(Fig-. 9-7) there could be-no e'xtension or magmatism, and it is precluded by 
the geologic observations. Heat cpnvection across a steadily extending Uthosphere requires 
that more heat be conducted out of the top ( g j than into the bottom {q^), unless there 
is significant undetected convective discharge at the Earth's surface. However, if extension 
•were very slow and in a-thermally inefficient mode (for example-, soUd-state stretching, STR) 
the difference between q, and q, •would be smaU, and the large values of q, could simply 
be mimicking large- values of q,. In that case heat would have to be conducted across, a 
boundary layer at the base of the Ulhosphere at rates approaching q̂ . Although we have 
not investigated heat transfer in the asthenosphere,, such higb values of g„ seem unlikely; 
for the oceanic asthenosphere they are precluded by heat-flow evidence. Furthermore, (he 
abundant evidence for basaltic activiiy in the Basin and Range, province suggests that extension 
there is occurring (in part atSeast) in the magmatic modes, that is , thpse for which,the volume 
increase of the extending lithosphere is made up largely, by magniatic additions as dikes (INT 
and its combinations) or sills (UPL and its combinations). They are more efficient in the 
sense that they produce a larger difference between ^, and q„ for a given extensiori rate. 
Hence, we consider it probable that much, if not most, of the observed regional variation 
in q, results from variatidn in convective transport within the extending Uthosphere. 

The range of possibilities for lithospheres temperature and thickness, extension rate, basall 
production, and asthenosphere flux permitted by the simple steady-slate models underscores 
the ambiguity of interpretations of reduced heat flow in regions of extensional tectonics. 
We have attempted to present results'in a form sufficiently general that jhey may be used 
to test the impUcations of specific models, suggested by evidence, from other sources. As 
we have made no systematic attempt to examine such evidence, it is premature to suggest 
a preferred model. Nevertheless, the analysis suggesis some gene raU zat ions: 

1. The: iithosphere defined as the region overlying the basalt (or peridotite) dry solidus 

J. 

\ \ 
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in the Basin and Range province generaUy includes a great deal more than the crusl. Any 
discrepancy with the Uthosphere defined from seismic dala may be semantic, relating to the 
effects on seismic propagation of melting below the dry solidus, high teniperature,"~or coniami-
nation by basaltic intrusion in (he upper manlle, 

2. Temperature estimates based on heat-fldw observalipns are reduced by the- effects of 
Uthosphere extension but are stiU consistent with substantial partial mehing of crustal'rocks 
in the warmer parts of the Basin arid Range province, 

3, If the steady volume increase of at least the cmstal part of the extending Ulhosphere 
is supplied by distributed dike intmsion (INT), the surface heat fiow is insensitive to 
asthenosphere flux q^, so long as the latter does nol exceed about 1 HFU, 

4, For the foregoing case and a number of other plausible steady-state mpdels, the anomalous 
heat flow increases abdtit 1 HFU for "each 1% to 2%/m,y. increase in extension rate. The 
high regional heat flow and its variations throughout the Basin and Range provirice can be 
accounted for by modest rates of lithosphere. extension; there is no need to invoke high 
or variable conductive flux from the a slh en osphere. 

5. The ultimate source of high heat flo'w in the Basin and Range province must be. upward 
cdnvective transport in the asthenosphere. 

Ambiguities regarding q^ and extension mode may npt be resolved until we understand 
the flow in the asthenosphere. Hb-wevct, surface observations df relations among heat flow, 
volcanic activity, and extension rate, may give some clues. We sh'aU conclude •with a few 
remarks about them. 

Silicic Volcanic Centers 

Since the start of Basin and Range; tectonism in early Miocene time, siUcic volcan ic: activily 
in the province has gerierally be'eri assdciated with-.basaltic activity (Christiansen and Lipman, 
1972). During periods when silicic raagma chambers existed in the Upper cmst, basaltic ex'frusion 
often appeared around their edges (Eaton and others, 1975; Bailey arid o'thefs, 1976), Such 
observations have led to the belief that basaltic intrusion of the lithosphere inight be a primary 
source of heal for this "bimodal" cmstal magmalic activity and that the throughflow of basaU 
to the surface might cottirrionly be blocked by the viscpus silicic melts that the basalt 's heat 
creates. (Smith and Shaw, 1976; Bailey and others, 1976; Christiansen arid Lipman, 1972), 
In this connection it is enUghtening to consider the heat and mass budget of these volcanic 
centers. 

For the volcanic cenier at Long Valley, Galifornia (LV, Fig, 9-Ia), it has been estimated 
(Sorey and Lewis, 1976; Lachenbmch and others, 1976) thai an upper crustal magma chamber 
—20 km in diameler resulted in a combined (hydrothermal and conduclive) anomalous flux 
of at least 10 HFU in excess of the ambient regime for at least 2 m.y. The supply of this 
steady loss for 2 m^y, •would require a heat input equivalenl to that of a l4-km layer of 
basah of cpmparable area, quenched to the magma temperature (assumed to be BOO^C, see 
Fig, 9-15), To warm the Underlying rpck to magmatic teraperatures wpuld take perhaps 5 
or 6 km more, and an addiiional 1 or 2 km would be required.to supply the beat lost from, 
extruded rock. It is difficult to imagine a raechanism for this mass influx and cdoUng that 
does not incorporate rapid local cmstal spreading. Furthermore, il is difficult to imagine 
thermomechanical processes that could sustain such intense heat discharge' other than those 
associated with an influx of basalt. Because of its low viscpsity (Shaw, 1965; Shaw and 
others, 1968), high melting temperature, and large latent, heal, basalt is" the mosl efficient 
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heal transfer fluid available. It could rise freely through narrow conduits in the lower Ulhosphere, 
and at cruslal levels, give up iis heal of cryslaUizalion and much sensible heal ai lemperaiures 
high enough lo mobiUze or mell in place the indigenous silicic material (see Fig. 9-5). (The 
rapid heal loss from the magma chamber to the surface musl, in lura, depend on vigorous 
hydrothermal transport.) 

The mosl reasonable conclusion seems lo be that these biraodel sihcic volcanic ceniers 
exisl because ihey are al places where the Ulhosphere is pulling apart rapidly, drawing up 
basalt from below to fiU the void (Lachenbmch and olhers, 1976). Such a process has been 
suggested on the basis of stmfiural arguments by Wright and Troxel (1968) and Carr (1974). 
If these processes took place directly beneath the Long Valley magma charaber, an increase 
in area of 35% or more would be required for a Ulhosphere 50 km thick. If the strain were 
accommodaled by east-west extension, it would amount to 7 or 8 km of displacement, which 
could accounl for the observed eUipticity of the caldera stmcture; the displacement could, 
of course, be distributed over a larger area and longer lime. Direel evidence for easl-wesl 
exiension of lhis sort has recently been obtained from a study of seismiciiy at the Coso 
Volcanic Cenier, anolher Qualemary siUcic volcanic cenier aboul 200 km soulh of Long VaUey 
(Weaver and HiU, 1978). 

Lithosphere Extension and Passive Intrusion 

The foregoing considerations suggest processes related to exiension Ln the magmalic modes, 
and they invite speculation that the primary source of heal for high regional heal flow in 
the Basin and Range province, Uke thai for iis volcanic ceniers, might be basall passively 
Lntmding the extending Ulhosphere, Il has been pointed out that exiension of the Uthosphere 
and isostatic balance imply upflow of mass in the asthenosphere, and that lhis wiU generaUy 
result in an upward increase in melted fraclion toward the base of the Ulhosphere. The pressure 
on the asthenosphere mell wiU be the overburden pressure, but al leasl one horizontal slress 
Ln the rigid portion of the exiending Ulhosphere wiU be consistently less. This would be an 
unstable condilion Lf the rigid layer behaved britilely; the mell could passively invade the 
layer, in effecl by "hydrofracturing" il. The through-fiow of basalts lo the surface might 
generaUy be impeded by soUdification in transit, by the formalion of viscous silicic melts 
as heal is exchanged with the cmstal rocks, and by loss of buoyancy al cmstal levels. Above 
some depth of intense intmsion (for example, H in raode UPL(/ / ) / INT), exiension might 
bemainly by normal faulling (a form of "stretching") and the heal transfer mainly by conduction, 
modified by locaUzed and transient sihcic intmsion and hydrothermal effects. This view is 
generaUy consistent with many stmctural accounts of the Basin and Range province, allhough 
they vary in olher respects (see, for example, Hamilton and Myers, 1966; Pakiser and Zietz, 
1965; Thorapson and Burke, 1974; Scholz and others, 1971), 

"Hydrofracturing" by basaltic magma differs in two important ways from the more famiUar 
hydrofracturing by waler; basall has a viscosiiy (—lO' poise) greaier by a facior of -rlO' 

. than waler, and for basall the ambient lemperalure is below the freezing temperaiure. The 
fraclure width is delermined primarUy by the elasticity of the rigid Uthosphere, the extensional 
tectonic stress, and the buoyancy of the basall; widths could be only on the order of metres 
for cracks tens of kilometres in length. If the crack travels too fast, viscous forces wiU 
reduce the pressure in the magma and arrest propagation (see, for example, Newman and 
Smyrl, 1974; Lachenbmch, 1973, eq, A-14); if il travels too slowly the basall wiU freeze. 
Estimation of these limiting propagation velocities is a very complex problem (for a recent 
review see Anderson and Grew, 1977), but order-of-magnitude calculations (Fedotov, 1976; 
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Maaloe, 1973; Lachenbmch, 1977, unpub.) suggest thai for modest extensional stresses there 
may be a substantial "velocity window" through which basaltic dikes could traverse a brittle 
Uthosphere without freezing. If this is tme and if the yield slress of the lithosphere exceeds 
the stress needed for "hydrofracturing," distributed spreading of the Ulhosphere mighl be 
largely in the INT mode, rale-limited by the availabUily of basall from the asthenosphere. 

The other magmatic mode (UPL) mighl also facilitate distributed extension. If the basall 
supply were depleted and the exiension rale remained the same, the UPL mode would pass 
to the STR mode, and solid-state fiow would remain unchanged. However, the ba.sallic heal 
conlribulion would vanish, and the Ulhosphere would thicken and cool loward the new and 
stronger steady-slate configuration (STR) (for exaraple, if q„ = 0.8 HFU and ,s = 2% I m.-y., 
then q, would decrease by 0.3 HFU, Fig. 9-14, and R would increase by 30%, Fig. 9-11; 
equilibrium temperalures al 30 km would drop from lOOO'C, Fig. 9-l2b, to ~875°C). Unless 
the tectonic stress or q, increased, spreading rale would decrease. This would further cool 
and strengthen the Ulhosphere and evenlually arrest the extension process. Hence, eilher 
magmalic mode (INT or UPL) could facilitate distributed extension of the lithosphere; basall 
production by the asthenosphere might even be a necessary condition for distributed extension. 

It has been shown (Fig, 9-lOd) that for a moderate asthenosphere fiux the rate of basall 
produclion by the asthenosphere required lo sustain the magmalic modes can be quite substaniial. 
For a given spreading rate, the basall fiux is proportional lo the thickness of that ponion 
of Ulhosphere exiending in a magmatic mode (for example, R for INT or UPL, H for 
INT(/ / ) /STR) . If, for example, lhat portion should be 30 km thick, then the basall required 
to produce a unil area of new surface would be greater by six times than the corresponding 
quantity for an ocean-spreading cenier where the basaltic cmst is about 5 km thick. If the 
entire Greal Basin were exiending at the rale of aboul 1 cra/yr, the asthenosphere beneath 
it would have lo supply basall al the sarae rale as lhat beneath an oceanic spreading cenier 
with a spreading half rate of 3 cm/yr , 

Al ocean-spreading centers, Uthosphere more than 60 kra thick raust be created, and less 
than 10% of il, the cmstal part, is supplied by basall, Consequenlly, very viscous (~10'" 
poise) ullraraafic material must rise. Because of the large viscosiiy and smaU buoyancy of 
this material, the conduits through which it rises must be very wide (Lachenbruch, 1973, 
1976) lo accomraodate appreciable exiension rales. Furthermore, the walls of these conduits 
musl separate rapidly to maintain the temperaiure of the passively rising ultramafic material 
appreciably above ambient. Such conduits musl Iherefore accommodate extension over large 
areas and consequently there should be few of them. Hence, Uthosphere production that 
requires ultramafic intmsion favors localized or plale-ieclonic exiension as distinguished from 
distributed tectonic exiension, which we suggest mighl be sustained by an abundant supply 
ofthe less viscous basall. Perhaps the localized ihermal anomaly al Yellowstone Park, Wyoraing 
(Fig, 9-lb), results from the fact thai lhe Ulhosphere there is very thick (Iyer, 1975) and 
its spreading requires the ascent of very viscous aslhenosphere material in a single wide 
conduit region, the opening of which musl accommodale strain accumulalion over a large 
area. 

Heat Flow and Distributed Spreading in Back-Arc Basins 

The tectonic selling of the Basin and Range province is often compared to that of marginal 
oceanic basins that occur behind island arcs and associated subduction zones (for references, 
see Thompson and Burke, 1974, p. 234), In each setting, lithosphere exiension seems lo be 
distributed through the province rather than being concenlraied along an axis as at an oceanic 
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spreading center, Watanabe and olhers (1977) have noted that newly formed back-arc basins 
cool toward a steady heat flow of abput 2,2 HFU which they seem to maintain with a thin 
lithosphere (40 to 50 km) for tens of miUioris of years. Thereafter, a heat spurce"is appareritly-
removed and a second stage, of cooling resuhs. in an apprpach tp the, flux typical of the 
old Pacific plate. Perhaps the first steady-state results from a phase of disiribuled extension, 
and the additional heat source represents convective transport throiigh the Uthosphere. For 
example, if ij„ were constant at 0:8 HFU, distributed extension ait the rate of 1.5%/m.y. 
in the INT, mode-would yield a reduced heat flow of 2,0"HFU (Fig, 9-lOa, regime E); -for 
the UPL mode, 2%/m,y. would be required. This would result in total spreading across a 
SGQ-km. basin at rates of 7,5 and 10 mm/yr and lithosphere thicknesses (Fig. 9-100) of 52 
and 38 km for INT and UPL, respectively. When extension stopped, possibly because of 
depletion of the aslhenosphere basalt required by the magrnatic modes, the Uthosphere would 
cool conductively toward the static condition assGciated with q, = q, —0.8 HFU as observed 
(see, for example, curve B, Fig. 9-7). 

Regional Heat Flow .and Rate of Extension in the 
Basin and Range Province 

The present "widlh of the Basin and Range pro'vince across central Nevada-Utah is about 
800 km. If the cmstal strain is accommodaled by easl-west extension and the mean reduced 
heat flow is ' j .4 HFU (the average of regimes G and D), then relation 23 yields an.exiension 
rate bf 0.6% to 1.2%/m.y. and a spreading rate fbr the provioce'of 5 tP 10 rnm/yr. On 
the assumption that the preseni is typical of the^ past 17 m.y., we multiply to obtain a total 
extension df 80 to 160 km, Refinemenls, such as allowing for grpwth by encroachment ori 
the Sierra Nevada and Golorado Plateau provinces or fpr local effects at volcanic centers 
hardly seem warranted in view of the tenuous basis for relalion 23. Il is encouraging, however, 
that this result is geaeraUy consistent with independent estimates made from geometric 
considerations of fault displa cem ents (for a discussion, see Thompson and Burke, 1974). 

According to relation 23, the rate of cmstal extension in high heat-flow subprovinces Uke 
the Rio Gi-ande rift and the Battle Mountain High might be much greater than that for the 
Basin arid Range province as a -whole. This,is consistent with frequently stated views of 
spreading in the Rio Grande rift (for example,, Hamiltpn and Myers, 1966; Reiter and others, 
1975), but the tecloriic-impUcations of the Battle Mduntairi High deserve comment. For the 
reduced heat flow of 2.5 HFU (regime F)-, relation 23 suggests that the area of the Battle 
Hountain High may be increasirig —1,7% to 3:4%/m.y. If the strain were relieved by displace-
meiit (across its J50±' km width) normal lo the northeasterly axis, we would pbtain a total 
local spreading rale of 2Vs to 5 mm/yr . For other directions of uniaxial strain, tbe lotal 
rate would be greater. Although historic seismicity in the area is low, the thermal result 
is supported by 'Slemmons' (1967) study of PUocene and Quatemary, cmstal movements, which 
shows an intense concentration of faulting in the Battle Mountain High region throughout 
the recent past. The rieariy north-south trend of nonnal faults, predominant in much of the 
Great Basin, seems to swing loa more northeasterly trendin the Battle Mountain High (Stewart, 
1971), more or less parallel to the long axis of the-Battle Mouritain High and its extension 
through the eastem Snake River Plain to Yellowstone Park, Wyoming (Fig, 9-lb). Perhaps 
the distributed extensiori inferred from high heat flow in the Battle Mountain High and the^ 
more Ipcalized rifting in the Snake River Plain (HiU and Pakiser, 1966; .Hamilton and Myers, 
1966) represent contrasting responses pf two different cmstal provinces, to the same regiorial 
lectonic system of stress. 

i 
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APPENDIX 1. LIST OF SYMBOLS 

= temperature 

= average ambient temperature at wliich basalt loses its heat 

= depth 

= ho rizo n tal dis tance 

= horizontal velocity 

= average vertical velocity at any depth (vertical volume flux) 

= volume:nux of basalt at base of lithosphere 

3v 
, bbrizontal strain rate 

dy 

— thermal conductivity 

= density 

= specific heat 

= latent heat of melting for basalt (per unit mass) 

= (K/spc) ' ' , characteristic length fdr lithosphere convection 

= radioactive heat production at depth i 

= radioactj've heat production at surface {z = 0)' 

= characteristic depth for distribution of radioactive heat production 

= conductive heat flow at depth 2 

= conductive beat flow at surface, 

= q — A^D, reduced heat flow 

= 6„ -I- mz, temperature of basalt dry soiidus! at depth z 

;= "lithosphere thickness" (depth lo.e,,), 

= conducti ve. flux from'asthenosphere (see eq. 8) 
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INT = mode of Uthosphere exiension by distributed dike intrusion (Fig, 9-8c) 

UPL = mode of lithosphere extension by stTeiching and underplating (Fig: 9-8lj) 

STR = mode of lithosphere extension by stretching (Fig, 9-8a) 

C = Uthosphere regime for 9, = 1,2 HFU 

D = lithosphere regime for ij^ = 1.6 HFU 

E = Uthosphere regime for 9, = 2.p HFU 

F = lithosphere regime for ^, = 2.5 HFU 

HFU = heal-flow unit, 10"* c a l c m " ' s " ' = 41,8 m W m " ^ 

HGU = heal generation unit, 10"" cab cm"'•s." ' = 0.418 ij.W-m"' 
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RESISTIVITY INVERSION WITH RIDGE REGRESSION 

JOSEPH ROBERT INMAN* 

The problem of direct interpretation of ap
parent resistivity curves from horizontaUy 
layered earth models is solved by using the ridge 
regression estimator. This ridge regression esti
mator is more stable than (he generalized linear 
inverse estimator that was advocated in a pre
vious paper. The generaUzed Unear inverse 
method is .unstable if the problem is nearly 
singular. 

The problem of estimating the standard devi
ations of the estimated parameters is analyzed. 
In some layered models the covariance matrix 
is an accurate estimate of the slandard devia
tions. However, in problems where (here is high 

correlation between parameters, the covariance 
matrix is not always an accurate estimate. Con
fidence regions can be contoured in selected 
parameter spaces to give an accurate estimate of 
the range of possible layered models that fit the 
data. 

Five soundings were chosen to test the in
version scheme. Two of the soundings were 
theoretical, and the rem.nining three were field 
cases. The method works well since it is pos
sible to find models that fit the data, indicate 
the accuracy of fit relative to the noise in the 
data, and predict the accuracy with which each 
parameter is estimated. 

INTRODUCTION 

It has been determined that the method o! 
inversion, using the generalized inverse theory, 
proposed in a paper by Inraan et al (1973) is 
unsatisfactory if some of the parameters in the 
problem are nearly linearly dependent. Linear 
dependence between parameters can cause the 
system matrix to be nearly singular. Only very 
simple resistivity structures do not present a 
system matrix which is nearly singular. The 
presence of thin layers, which are pooriy repre
sented in the data, destroys the orthogonality 
of the problem, 

Marquardt (1970) and Hoerl and Kennard 
(19/03, 1970b) propose a raethod called "ridge 
regression" that yields a better estimate of the 
unknown parameters than the method of least 
squares, Marquardt (1970) shows the similari
ties between the method of ridge regression and 
the method of the generalized inverse. He con
cludes that the method of ridge regression is 
preferable for problems with some very smaU 

eigenvalues, while the method of the generalized 
inverse is preferable for problems with some 
zero eigenvalues. Most resistivity problems in
volve sniall, but rarely zero, eigenvalues; hence 
I have abandoned the method of the generalized 
inverse for the more stable ridge regression 
method. However, the concepts of the informa
tion density matrix and the paranieter resolu
tion matrix as discussed by Inman et al (1973) 
and Glenn et al (1973) remain viable. 

Apart frora the problem of determining a 
model that fits the data, there exists the problem 
of estimating the accurac}- of the parameters. 
In many soundings there is a range of pa
rameters of a given 7i-layered model that fit the 
data accurately. While it is not always possible 
to predict exactly this range of the parameters, 
we present here a raethod which yields a good 
estimate of the range. 

The inethod of direct interpretation works 
well for field data. Three field cases are pre
sented. The three soundings were chosen not 
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because they were easy to analyze using the 
ridge regression method, but because they were 
very difficult to interpret with .nny method. 

Resistivity Inversion with Ridge Regression 799 

[AG); = G(P, xt) ~ C(P», x<); i = 1, A^ 

THEORY 

.̂ .s was shown in the paper by Inman et al 
(1973), the problem of Schlumberger sounding 
over a plane-layered earth is nonlinear in the 
unknown parameters, namely, the resistivity 
ahd thickness of each lax'er. The expression for 
apparent resistivity (Sunde, 1949, p. 55) 

p. = piL' f /c(X):..„/,(XL)XdX, 
•lo 

(1) 

is linearized with respect to the unknown pa
rameters. Here 

«;(X).2..„ = 
1 - M, .„e 

t i l 1 . . n = 

1 + Mi2..ne" 

Pl pik^s.. 
Pl + P2A"2 

k - l m - l ) 

P l m - l i t i 

1 — M ( » , - i ) m . 

1 -t- M(-"-i)n.. 

p„_i — p„,A-„ 

„ . c - " ' — 

, „ e " " " ' -

(m + n . , n 

P m - 1 + P m / L m ( m + l ) , , n 

^ " ( n - l ) n — 

f-ln-Un — 

1 — t^ l i -Di f i 
-2Mn-i 

1 + Pl„-lhi<^ 

P l - l ~ Pn 

Pl-l + Pn' 

• 2 X l „ -

Pi = resistivity of the ith layer, 
/,- = thickness of the ilh layer, 

A R 
L = - — for Schlumberger sounding, 
71 — numbei' of layers including lower 

half-space, 
p, = Schlumberger apparent resistiv

ity. 

A Taylor's series exp:insion of first order in 
the unknown parameters is given as 

AG = A AP -1- e, (2) 

where 

[ A h = 
^ g ( P , x) X = X 

p = p ° ' 

[AP], = P , - P,«; y = 1,M, 

P = the vector of unknown parameters, 
P" = the initial guess for these jDaram-

ters, 
X'" = the known paranieters such as the 

electrode spacing .AB/2, 
©(P", xO = the apparent resistivity at the ith 

spacing for the layered structure 
indicated by P", 

G(P, xO = the measured apparent resistivity, 
and 

E = the vector of errors in the data 
points. 

The least-sciuares estimate, AP, of A P is 

A P = (A'A)-A' AG. (3) 

Hoerl and Kennard (1970a, p. 56) show that when 
A'A is nearly singular the average value of the 
scjuared distance from AP, the estimate, to AP, 
the true parameter change becomes very large as 
also does the variance of the least-squares esti
mator. The ridge regression estimate of A P is 

AP"* = (A'A-F /cI)- 'A'AG, (4) 

where I is the identity matrix and /c > 0. 
The eigenvalues of (A'A -\- kl) are (XJ -\- k), 

where XJ are the eigenvalues of A'A. Any very 
small eigenvalues of the least-squares estimator 
will be increased in the ridge regression estimator 
by the factor k. Hence the inversion of the 
matri.x (A'A -f- A-I) will be more stable. Increasing 
the size of all the eigenvalues results in a signifi
cant decrease of (a) the mean of the squared 
length between AP and AP* and (b) the variance 
of the estimatetl solution. So, in some cases, the 
solution AP* is much closer to AP than the least-
squares solution AP. The residual sum of squares 
for the ridge regression solution is given by 

tf,* = (AG'^)' AG'* (5) 

where AG* is the monsured resistivity minus the 
apparent resistivity predicted by equation (1) 
using the values P* = P» -}- AP*. For a linear 
system, the residual sum of squares given by the 
ridge regression solution is greater than the 
residual sum of squares given bj' the least-

I I 
', 'i ! 

i 

i 

.! 
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squares solution. I have found this not to be 
true for nonliiioar .systems, I havc encountered 
many examples where the Icast-.sqiiarcs method 
diverges to give a very large residual sum, while 
the ridge regression method converges to an 
acceptable residual ,sum. Figure 1 illustrates some 
of these relationships for a general problem. The 
figure indicates the bias and the variance of the 
ridge regression estimator as functions of the 
parameter k. The point labeled "least squares" 
and the line labeled "ridge regression" are the 
,squarGd distances from AP to AP and to AP*, 
respectively. The sum of the square of the bias 
plus the variance of the ridge rcgres.sion estimator 
is equal to the squared distance from AP* to AP, 
The figure shows that by allowing a smal! amount 
of bias in the solution we can realize a major 
reduction in the variance. For some values of k 
the ridgc regression solution is much clcscr to 
AP than the least-squares solution. This figure 
was drawn in reference to a linear i^roblem, but 
the same behavior occurs for a nonlinear problem. 

An important consideration is the choice of 
a value of k. In a linear problem the optimum 
value of k is that which gives the minimum 
mean-square error; namely, the value A;* in 
Figure 1. However, this value cannot be de
termined unless the solution is known. Hoerl 
and Kennard (1970b) use a number of dilTerent 
values' of A; and then plot the solution versus k. 
They call this plot the "ridge trace"; the value 
of A; for which it stiibilizes is chosen as the 
optimum value. However, in the nonlinear prob-

o 
Q: 
t r 

LU 

UJ 

tr 
< 
o 
<o 

I z < 
Ul 

RIDGE REGRESSION SOLUTION 

LEAST-SQUARES 

FIG. 1. Mean-square error functions for the 
ridge regression estimator (after Hoerl and Ken
nard, 1970a). 

Icm sevcr:il ilcrnlions m.Ty be necessary before 
.n sohition is obtained, nnd c:ich itcr.ilion may 
require a difTerent value of k. .Marqiiardt's 
(1963) algorithm determines the sm.allcst value 
of k for which the ridgc regression estimator of 
equation (4) will yield a new model that better 
fits the field data. As the inversion process 
nears a solution or a minimum in the residual 
sum of sqii.nres [equation (5)] , successively 
smaller vaiucs of k are used. It is worth noting 
that as h approaches infinity the ridge regres
sion estimator in equation (4) approaches the 
gradient inethod. Convergence to a local mini
mum in the residual sum of squares is always 
possible with the gradient method (Ralston, 
1965, p, 441-442), but convergence is slow near 
tho minimum. .As A; approaches zero, the ridge 
regression estimator becomes the least-squares 
estim.ntor, equation (3), which is equivalent to 
the Ncwton-Iiaphson optimization technique. 
The Newton-Haphson technique converges very 
rapidl}' if it is near a minimum, but it may 
diverge if it is far from any minimum. One can 
see therefore that an optimum algorithm would 
be one that resembles the gradient method 
when the estimator is far from the minimuin and 
resembles the Newlon-I?aphson technique when 
the estimator is near the minimum. The ridge 
regression estimator has this property. 

The similarities between the ridge regression 
and generalized inverse methods .ire given by 
Marquardt (1970). The generalized inverse 
method as ajiplied to resistivity and electro
magnetic sounding was described in the papers 
by Inman et al (1973) and Glenn et al (1973). 
The method begins by calculating the eigenvalues 
of the matrix (A'A). Small eigenvalues indicate 
a near-singular systein, which is unstable in the 
presence of noisy data. The reason is that, when 
the inverse operation in equation (3) is per
formed, the eigenvalues are inverted; hence, the 
small eigenvalues have a large effect in the 
inverse solution. The.se small eigenvalues could 
result in a parameter change vector, AP in 
equation (3), that is so large that the lineariza
tion of equation (1) is no longer accurate. This 
usually results in an increa.se of the residual .sum 
of squares. For this reason the generalized inverse 
method works best when some of the very small 
eigenvalues are not included in the estimator. 
The addition of A; to the diagonal elements of 
(A'A), as i.'̂  done in the ridge regres.sion estimator, 
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actually increa.ses the value of each oigonvaliie 
by the amount A;, thereby increasing the size of 
any very sniall oi,!^cnvalues. By increasing A-, we 
have effectively reduced the number of eigen
values included in the ,solution. 

As shown b)' Ininan et al (1973), the data 
eigenvectors .-i.ssociated with the large eigen
values tend to be smooth averages of all the 
data points, while the dala eigenvectors associ
ated with the small eigen\'alues tend to repre
sent averages of sniall groups of data points that 
correspond lo detailed features in tbe sounding 
curve. If the small eigenvalues and their as
sociated data eigenvectors are included in the 
estimator, the estimator will attempt to fil the 
more detailed features of the sounding cun'e 
as well as the broad features. However, if the 
residual sum of ,squares is far from a minimum 
and an attempt is made at the outset to fit the 
detailed features before obtaining a good fit of 
the broad features, the least-squares estimator 
will often diverge. Good results have been ob
iained using Marquardt's (1963) technique with 
a large value of k (on the order of 1,0) when 
the initial guess is far from the solution. A 
.smaller value for A; (on the order of ,01 or less), 
which is equivalent to including the smaller 
eigenvalues in the estimator, is used near the 
solution, 

NUMERICAL CON.SIUERATIONS 

Evaluation of integrals 

The.sj'stein matrix A, equation (2), is comprised 
of deriv.atives of apparent resistivity with re
spect to the re,sistivity and thickness of each 
layer in the hypothesized model. A niethod 
similar to that of Mooney ct al (1966) was u.sed 
by Inman et al (1973) for evaluating both the 
forward problem and the derivatives. Although 
the method was relatively fast for two- and three-
layer problems, it was too slow for four or more 
layers. 

Several alternate methods are described by 
Cornille (1972) for evaluating Hankel trans
forms, such as equation (1). The method used 
here is to integrate numerically between zeros 
of the appropriate Bessel function and then 
sum the resulting terms which form an alter
nating scries. If the resultant series is slow to 
converge, then Euler's transformation is per
formed. In all problems encountered to date, 
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it has never been found necessary to use more 
tli;in thirty zeros of the Bes.scl function. 

Weighting 

When the data arc weighted, a relative degree 
of import.incc is .issigucd to each value. Such 
weighting may be used fo remove a bias in
herent within the data or to bias the least-
squares fit so that it is more accurate in one area 
of the curve fhan another. 

If tliere is a large numerical difference be
tween the values of the data in difTerent regions 
of the curve, an undesirable bias maj' be in
troduced inlo the final solution. The bias is 
such as to cause the ridge regrc.ssion estimator 
to be biased toward the large values while for
getting the smaller values, which may be as 
accurate and may contain some very important 
information. For example, consider a simple 
two-layer model wilh a top layer resistivity of 
10 ohm-m and a bottom half-space resistivity 
of 1000 ohm-m. The resistivity curve hns two 
asymptotes with a large difference in numerical 
values, A ridge regression estimator and a least-
squares estimator react to differences between 
the field curve and the curve generated from 
the estimated model. These differences would be 
greatest at the large array spacings merely be
cause of the large numerical vaiucs of the curve 
in this region. The estimator would be more 
influenced by this portion of the curve than 
by the portion of the curve at the smaller array 
spacings. The estimator might then give a good 
cslimateof the resistivity of the lower half-space 
but a poor estimate of the reisistivity of the first 
layer. In general, it is desirable to weight each 
data point according to the noise in that data 
point and, also, not give it a false degree of 
importance because of its large or small value in 
comparison with the other data points. 

The weightin.? matrix M commonlj' used is 

M = o-'N 

PliffiC, <T2 

. P i . i ( r i £ r „ P2„i72<7„ 

P l2<r ,Cr2 PliiO-iO-n 

2 
P2n<r20 '„ 

'i 

(6) 
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where 

o , ' = 7?(e^), and 

cr,.(r,p,,- = E{fie,) . 

Factor p,-,- is the correlation coefTicient. 
This matrix is the vnriance-covariance matrix 

of the data (Hamilton, 1964, p. 125). A first 
order approxiniation assumes that the error in 
the data at one array spacing is unrelated to 
the error in the data at another spacing, so that 
the variance-covariance matrix becomes a diago
nal matrix with elements a r . To determine trr 
it is necessary to know the error in the data. 
In many nongcopliysical problems the experi
ment is repeated several or many times in order 
to determine the error present. However, in 
most resisti\it5f surveys the error must be esti
mated. Errors in the data come from several 
sources: limited precision of instnnnentalion, 
efi'ect of lateral inhomogeneities, telluric noise, 
and errors in measuring spacing inlerv.'ds. The 
term o^ is called the problem variance and is 
commonly ii,sed when the relative variances trr 
are known or assumed within a scale factor, a-
(Hamilton, 1964, p, 127), My procedure as
sumes that each data point has the .same per
centage standard deviation unless it is known 
or suspected that certain points are significantly 
noisier. I t is further a,ssunied, initially, that 
each point has a standard deviation equal to 
one percent of its measured value, Tlie prob
lem standard eleviation a is then adjusted to 
the estimated noise level of the survey. Most 
resistivit.v surveys yield data that is accurate 
within five per cent or less. 

To incorporate the weighting within the csti-
estimator, each side of equation (2) is multiplied 
by N " ' , Neglecting the error vector E, we can 
write 

r - i N " ' A G = N'»A A P . (7) 

The solution obtained using equation (7) is a 
weighted least-squares solution. The residual 
error is now defined as 

0 = (AG - A A P ) ' N " ' ( A G - A AP) . (8) 

The weighted I east-.squares estimator is given by 
Jenkins ..t Watts (196S, p. 132) as 

The corresponding ridge regression estimator 
is given as 

A P * = (A 'N" 'A -1- A:I)" 'A'N"' AG. (10) 

Thus, equation (10) is the weighted ridge re
gression estimator in whicii the data has been 
weighted by the inverse square root of the data 
variance-covariance matrix. 

Scaling 

Before adding the factor A;, it is convenient to 
scale the matrix (A'N~'A) so that the diagonal 
elements have a value of 1.0. The scaled matrix 
(A'N""'A)'5 and the .scaled vector (A'N^'AG)-' are 
defined as 

(A'N-'A),.,-' = 

and 

( A ' N - A ) , . , 
[(A'N-'A)....]H(A'N-'A),,]* 

A P = ( A ' N ~ ' A ) " A ' N " A G . (9) 

a ' N - ' A r ^ ^ ( A ' N - A G ) . 

Defining a diagonal scaling matrix with ele
ments 

Dl.- = 0, iy^ j 

/),... = [(A'N-A)....]», 

we cnn rewrite equation (9) ns foUows: 

A P = D ( D A ' N " ' A D ) " ' D A ' N " ' AG, ( l l ) 

and the regression estimator as 

AP* = D ( D A ' N " ' A D 

-I- / i ; I )" 'DA'N" ' AG. (12) 

Equation (12) is the estimator that is used to 
provide n biased best fit to Schlumberger sound
ing data. 

It is interesting to note that the scaled matrix 
(DA'N"'AD) is the matrix of correlation coeflS
cients of the derivatives in the systeni matrix of 
equation (2), (Marquardt, 1963), Correlation 
coefficients that are nearly equal to one indicate 
that the problem is highly nonorthogonal, or 
ncariy ,singular. This will result in very small 
eigenvalues, a condition which renders the prob
lem sensitive to errors in the data and to round
off error in the computer; hence, it is necessary 
to add the factor A: to the matrix (DA'N"'AD) to 
stabilize the estimator. 
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ACCTJR,-\Cy OF TARAMETER ESTIMATES 

The einpha,sis in tlie previous sections was on 
the meihod for obtaining a .solution by begin
ning at some initial guess significantly removed 
from the solution. In this section, methods for 
placing confidence intervals on parameter esti
mates and for assessing the final fit of the data 
will be described. 

Residual variance 
Prior to estimating the confidence intervals 

of the parameters, it is necessary to estimate 
the residual variance, or problem variance, in 
equation (6), An estimate of the residual 
variance is given by Hamilton (1964, p, 130) as 

2 
(7 = 

(AG)'N"' AG 
A'' - M 

(13) 

for weighted least squares. The only requirement 
to this point is that the values G(P, x'), the 
measured apparent resistivities, be unbiased finite 
variance estimates of the population means. If 
the measurement at a point were repeated an 
infinite number of times, the average value of all 
the measurements would be called the popula
tion mean. The fact that the number of points 
with a specified value increases as the value 
approaches the population mean indicates that 
the measured values have a finite variance. For 
purposes of simplicity it is assumed in this 
paper that each measurement is free of bias. 
This may not be strictly true in a Schlumberger 
array, where it may be common for the AB/2 
spacing to be shorter than anticipated, but it is 
rarely longer. However, in many carefully con
ducted surveys this effect will probably be neg
Ugible. 

The ealculation of â ' depends on the fit between 
the theoretical data, computed for the hypothes
ized model, and the field data. When 5-̂  is signifi
cantly greater than c', the data have not been 
fully e.xplained by the hypothesized model. In 
many cases this means that more detail in the 
field curve may be fitted if a more complex 
model is used, such as one with more layers. 
However, a d"- greater than o-' may also mean 
that c ' is underestimated. Although the value of 
a-' varies between surveys, it is assumed that the 
error in any data point is five percent or less. 
If <7' is found to be greater than a'', either the 
estimated variances of the observations have 
been overestimated (Wiggins, 1972, p, 258-259) 

or the curve calculated from the hypothesized 
model is fitting the noise in the data. 

Thus, wc sec that the residual variance can 
be used as an indication of the goodness-of-fit 
given by the hypothesized niodel (Glenn et al, 
1973), The residual variance is independent of 
the linearity or nonlinearitj" of the problem with 
respect to the niodel parameters. 

Covariance oj paranieters 

It is important to be able to judge the ac
curacies with which the parameters of the esti
mated model are known. It was noted earlier 
that it is very difiicult to determine accurate 
estiinates for the parameter standard deviations 
if there is a high degree of correlation between 
the parameters or if the jiroblem is nonlinear in 
the estimated parameters. Also, there is the 
problem of calculating the variance of a biased 
estimator [equation (12)] and interpreting the 
variance in terms of the earth model. While it 
would be nice to be able to give a firm, quanti
tative answer to the question of paranieter 
standard deviation, it is impossible to do so. 
Hence, in the following paragraphs I will pre
sent the philosophy I use to make a conserva
tive estimate of the parameter standard devia
tions. 

One of the first problems encountered re
sults from the fact that the variance of the 
ridge regression estimator decreases with in
creasing A; (Figure 1), Increasing the value of A; 
is similar to disregarding the small eigenvalues 
and their associated eigenvectors of the system 
matrix A of equation (2). Each eigenvector is 
a linear combination of the original parameters 
of the model (resistivity and thickness), and 
those parameters associated with the largest' 
eigenvalues are the best detennined linear com
binations. This means that if one calculates tbe 
variance of equation (12), the biased estimator, 
the standard deviations for the original pa
rameters will be unusuaUy small because the 
linear combinations of the parameters with large 
variance have been neglected. In effect, the vari
ance of the biased estimator is a poor estimate 
of the true variance of the original parameters. 
F'or example, suppose a field curve is measured 
over a layered earth that has a thin conductive 
layer. Among the eigenvectors associated with 
the largest eigenvalues there WMU be one eigen
vector which represents the resistivity-thickness 

1 ' I 

I' ' I 
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Jiroduct of the thin conduclive la.ver because 
this product is well defined by the Schlum
berger sounding curve. Among llie oigpn\ectors 
associated with the smallest eigenvalues there 
will be one eigenvector which represents the 
ratio of thickness to resistivity of the thin con
ductive layer because this ratio is pooriy de
fined by the Schlumberger sounding curve. 
Thus, while the product is well detemiined be
cause it is a,=.sociated with a, large eigenvalue, 
the ratio is poorly determined because it is as-
.sociated with a small eigenvalue. If a biased 
estimator, which' eliminates the small eigen
values and the associated eigenvectors, is used, 
then the variance estimate would be quite small 
because of the well-determined rcsistivit.v-t'ncl^-
ness product. Although a solution is obtained 
using a biased estimator, the variance of the 
parameters is computed with the least-squares 
estimator, which is not biased. 

The lea.'^t-squares estimator, equation (11), 
includes all the eigenvalues, and, therefore, the 
parameter variance should be calculated from 
this expre.ssion. The variance-covariance matrix, 
cov(AP), is 

elements of the correlation matrix arc given as 
(.lonkins nnd Watts, 196S, p. 74) 

[cor (P)],.,. = 
[cov (P)],-,. 

[cov (P)],-.-ncov (P)],-,-* 
(17) 

eov(AP) = D ( D A ' N " ' A D ) ~ ' D A ' N " ' 

•cov ( A G ) N ~ ' A ' D ( D A ' N " ' A D ) ' ' / ) . 

The covariance matrix of AG is given in equation 
(6) as c-'N. The covariance of A P now becomes 

cov (AP) = (r '(A'N"'A)" (15) 

If the value of (cor (P)],,- is near unity, then the 
parameters P,- ancl P, are strongly correlated 
and nearly linearly dejiendent. 

Solulion space 

The diagonal elements of the covariance 
matrix are the variance terms for each param
eter. If the correlations are small, then the 
standard deviation is a good measure of the un
certainty of each jiarameter. If two parameters 
are strongly correlated, then the standard devia
tions given by the square roots of the diagonal 
terms of (16) will be larger than the actual un
certainties. This fact is illustrated in Figure 2, 
which is a generalized section in solution space. 
The two coordinate axes corresjiond to two pa
rameters of the estimated eartli model. The 
ellijise indicates a confidence region -within 
w-hich the residual sum of squares may be ex
pected to lie for a certain percent of the re
peated experiments. This region also defines the 
values of the jiarameters p^ and t̂  which will 
give a residual within the contour. The origin 
of the axes is defined by the pararaeter values 
determined from the final .solution. The tilt of 
the axes of the ellipse is a measure of the de
gree of correlation between the two parameters. 

The value of tr' is estimated by equation (13). 
Equation (15) is a matrix whose diagonal ele
ments are the variance terms of each element of 
the vector A P and \vho,se off-diagonal elements 
are the covariance terms between the elements 
of A]^. 

The next question is one of relating the covari
ance of A P to the covariance of the model 
parameters P . Note in equation (3) that the 
vector A P contains the predicted parameters P 
and the estimated parameters P°. Since P" is 
known, any large variance in A P corresponds 
to a large variance in P (Glenn et al, 1973), 
Thus, the cox'ariaiice of P may be written as 

cov (P) = a\A'N-'A)-'. (16) 

The correlation matrix is an indication of the Fio. 2, Hypotherical solution space for a thin 
i: ,„„ j„ I 1 i iL , mi. conductive laj'er. The contour defines a confidence 
linear dejiendcnce between the parameters. The region 
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If the standard deviations of the diagonal terms 
of equation (16) are taken to be the true devia
tion estimates, then the ellipse of Figure 2 is 
enclosed by a box whose sides are defined by 
the standard deviations. It is easy to see that 
the box, which does not allow for the correlii-
tion between the jiarameters, represents n much 
larger confidence region than the ellijise; use of 
the box limits leads to a con.servative estimate 
of the parameter confidence intervals, A useful 
practice is to present both the covariance 
matrix and the correlation matrix along with a 
"slice" of 'solution space. We normally take a 
slice defined by the parameters w t̂h large cor
relations; these parameters are usually the re
sistivity and thickness of a thin layer. Each 
point in the slice represents the parameters of 
a particular model, and at each point the least-
squares error between the sounding curve de
fined by the model and the field curve is cal
culated. The values can then be contoured into 
confidence regions defined by (Jenkins and 
Watts, 196S, p. 138) 

<^(P)<0(P) 1 + 
M 

N - M 
. M ( 1 - « ) ] , 

where (|) (P) is the least-squares error that defines 
a particular confidence interval and <r(P) is the 
least-,squares error at the minimum (or solution) 
in solution space. The quantity FM,K-U{1 — tx) 
is the value of the P-distribution for M and 
N — M degrees of freedom at the 1 — or con
fidence level. The value ^(P) defines a region in 
solution space in which there is a 100(1 — a) 
percent chance of a repeated experiment yielding 
a value for<^(P) within this region. Shuey (1973) 
and Schellinger (1972) discuss the use of these 
contours in reference to interpretation of gravity 
and magnetic anomalies, respectively. The solu
tion space enables the investigator to determine 
the range of models that fits the data. 

In linear problems the contours in solution 
space are elliptical, whereas in nonlinear prob
lems this is not necessarily true. If the contours 
in the .solution space of a nonlinear problem are 
nearly elliptical, it is indicated, but not neces
sarily proven, that the problem behaves 
linearly within the region of the contours. When 
the contours are nearly elliptical, the linearly 
estimated parameter standard deviations may 
be reasonably accurate. However, if the contours 

arc not elliptical, then the problem is nonlinear, 
and it is then very diflicult to interpret the 
standard deviations of the parameters. Another 
situation that sometinies occurs is that more 
than tw'o parameters, say three or four, are 
highly correlated. When this occurs, the co-
variance matrix arid the two-dimensional solu
tion spaces are at best crude approximations; 
however, to produce higher dimension solution 
spaces is expensive, and they are difficult to 
visualize, 

EXAMPLES OF DATA INTERPRETATION 

In this section five Schlumberger sounding 
curves and their associated models will be used 
to illustrate the method of ridge regression and 
the method for estimating the residual variance 
and the parameter variances. In the first two 
cases discussed, theoretical data were used as 
input and a perturbed model was used as the 
initial guess. The final three cases are interpre
tations of field data. 

Theoretical examples 

Three-la-yer earth model.—Figure 3 shows the 
theoretical data for the following model: 

Pl = 10 ohm-m, 

p2 = 390 ohm-m, 

Ps = 10 ohm-m. 

;, = 10 m; 

<2 = 250 m; 

The data points were calculated, and then ap
proximately one percent random noise •was 
added. The initial giiess or starting raodel was: 

Pl = 8 ohm-m, ti = 15 m; 

Pi = 500 ohm-m, t̂  = 150 m; 

Pa = 5 ohm-m. 

Tlie solid curve in Figure 3 is the final fit to 
the data points, and, of course, it is very good 
because there is little noise in the data. The 
final estimated model is close to the original 
model. The problem variance estimated by 
equation (13) is .633, which indicates an esti
mated .8 percent error in the final fit. Since this 
value is close to the one percent random noise 
level, I assume that the data fits as well as 
possible without fitting the noise. 

The standard deviations given by the square 
roots of the diagonal terms of the parameter 
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pect was illustrated in Figure 2, If more ac
curate estimates are desired, then it is necessary 
to plot the appropriate slices in solution space 
as discu,?.sed in the jirevious section. 

Figure 3 shows two such slices of solution 
sjiace, namely, the p^-t, slice and the pa-f... slice. 
The high degree of correlation indicated by the 
correlation matrix A in Figure 3 is reconfirmed 
by the tilt of the elliptical patterns of the con
fidence region. Each axis indicates the percent 
deviation of a particular paranieter from its 
value at the residual sum of squares minimum. 
The pi-/i space indicates a positive correlation 
belween the resistivity and thickness of the 
first layer in which case decreasing the re
sistivity and thickness of the first layer changes 
the sounding curve only slightly. Likewise, the 
Pr-ta space indicates a- negative correlation be
tween the resistivity ahd thickness of the second 
layer; therefore, if the resistivity is increased 
and the thickness decreased, the sounding curve 
changes very little. It is impossible to character
ize the uncertainty of the resistivity of either 
layer because the estimated resistivity de
pends very strongly upon the thickness of 
the layer and vice versa. The ranges for the 
resistivity and thickness of the second layer 
define the limits of the ellijises quite well. The 
ranges for the resistivity and thickness 'of the 
second layer at the 99 percent confidence in
terval are ± 2 1 ohm-m and ±12.6 m, re
spectively. The probability is at least ,99 that 
both the resistivity and thickness lie w-ithin 
the intervals of the previous sentence. How
ever, if we had some prior knowledge about 
either the resistivity or the thickness, then the 
Ps-tj space could be used to establish much 
tighter bounds on the unknown parameter. For 
example, if it is known that the resistivity is no 
greater than 398 ohm-m, then the ps-t. space 
indicates that there is a probability of ,99 that 
the thickness lies between 240 and 261 m. 

Correlation matrix B in Figure 3 is the cor
relation for the same model after the model has 
been reparameterized in terms of the Dar Zar
rouk parameters for the resistive intermediate 
layer. The Dar Zarrouk parameters T and <S 
are defined as the resistivifN'-thickness product, 
or transverse resistance, and the thickness-re-
sistivitj' ratio, or horizontal conductance, re
spectively (Kunetz, 1966, p. 58). Note that 
there are no longer any strong correlations 

among the new jiarameters. In the p^-fj space 
of Figure 3 we have constructed the axes of the 
Dar Zarrouk parameters for the second layer. 
If the problem had been parameterized with the 
Dar Zarrouk functions rather than the resis
tivity and thickness of the second layer, the 
standard deviations could be given accurately 
by the covariance matrix. However, the Dar 
Zarrouk parameters are not physical properties, 
and most geoph3'sicists would perfer the use 
of the physical parameters resisli\'ity and 
thickness. 

Four-layer earth niodel.—Figure 5 shows the 
theoretical data points for the following four-
laj'cr model: 

Pl = 12 ohm-m, 

P2 = 840 ohm-m, 

p3 = 24 ohm-m. 

il = 6 m; 

«2 = 72 m; 

I. = 48 m; 

p, = 8400 ohm-m. 

The third layer is quite conductive and thin 
and has a small effect upon the sounding curve; 
from the data it should be very difficult to re
solve. I t should also be noted that since the 
asymptote of the lower half-space was not ob
tained, it will be impossible to determine ac
curately the resistivity of the half-space. The 
inversion procedure began with a model much 
different from the correct model and converged 
to the values shown in Figure 5, The standard 
deviation for each jiarameter is also shown. The 
iterative process was halted at a residual var
iance of ,383, A much smaller value could have 
been attained since no noise was added lo the 
data points, but further iterations are expensive 
and pointless. 

Figure 6 illustrates the eigenvalues and param
eter eigenvectors for the model in Figure 5, In 
this e.xample we note that there are three large 
eigenvalues and four small eigenvalues, one of 
which is very neariy equal to zero. Due to the 
several very small eigenvalues, the inverse in
terpretation of this model is not very sensitive 
to model parameter changes, but is very sensi
tive to noise, A large value of A; (greater than 
,01) must be used in the ridge regression esti
mator to keep the process from diverging. The 
reason is that even a small degree of misfit be
tween the actual and the estimated data will 
be multiplied by the inverse of the small eigen-

Fio. 5, 
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F I G . 5. Theoretical data and best fit curve for a four-layer model. The interpreted raodel is shown with 
standard deviations. Also shown are three slices of solution space and the correlation matrix. 
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FlG, 6, Eigenvalues (Xi') .ind parameter eigenvectors for the four-layer 
model in Figure 5, 

values thereby yielding a larger parameter 
change, W'hich leads to a divergent solution. The 
eigenvectors may be interpreted as was done 
for the three layer problem. The eigenvectors 
associated with the small eigenvalues indicate 
tbe expected combination of parameters to 
which the sounding curve is insensitive, and the 
eigenvectors associated with the large eigen
values indicate those combinations of parameters 
to which the problem is highly sensitive. For 
example, the eigenvector of the smallest eigen
value indicates that if the values for both the 
resistivity and thickness of the third layer are 
either increased or decreased there wiU be almost 
no effect on the sounding curve. 

Figure 5 also contains three slices of solution 
space that correspond roughly to the parameter 
combinations indicated in the eigenvectors as
sociated with the three smallest eigenvalues. 

The p^-t:! space show-s the tradeoff that exists 
between the third layer conductivity and thick
ness. The correlation matrix is also shown in 
Figure 5, The standard deviations for the re
sistivity and thickness of the thin conductive 
layer are several thousand percent. This comes 
as no surprise since the correlation matrix shows 
that the resistivity and thickness are linearly 
dejiendent and, therefore, greatly affected by 
any error in tbe data. As expected, the resistivity 
of the lower half-sjiace also has a large standard 
deviation, and the true resistivity of 8400 
ohin-m lies within this range. 

If the standard deviations are compared with 
the extremes of the ellipses in the solution 
spaces, it is clear that one variable predicts the 
other rather accurately. However, the extremes 
predicted for the eUiptical regions in the p,-t, 
space are much larger than the figure indicates. 
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One reason for this ovtjr-estimation is that the 
elliptical regions are npt symmetric about the 
mini muni point. The; ellipse cannot go beyond 
the — lOi) percent mark- for both parameters, 
since negative thicknesses and resistivities do not 
exist, Tims, the ellipse will be sliorter in the-third 
quadrant and somewhat, exteiided in the first 
qua'drant. While' the standard deviations are 
very gross, the pi-ti space' slfows that putting 
limits tin one of the iiafarnetcrs greatly reduces 
the Standard .deviation of the remainiiig param
eter. For ex.impie, supjiose that .a similar re
sistivity section was logged in an adjacent area, 
and tlie true resistiv'ity for the third layer 
Was found to lie in the. range-15 to 30 ohm.-m. 
Then the 'third !ayc;r Tesisti\'ity of the Inter
preted moclei could be' expected to fall within the 
sarne range. On the basis of the 99 percent 
eonfifdence-ellipse, one could ,then state that the 
thickness'of this layer is very likely to lie within 
the range S.3-54 m. This range is much tighter 
than that given by the covariance matrix. 

I conclude from the two examples discussed 
that it is' important to temper any interpreta
tion of the standard deviations' with an analysis 
of the correlation matrix. If it is desired to 
kiiow'the'limits of a specific 'set of parametei's, 
such as the resistivity and thickness of a given 
layer, it is.best to obtain a.-vi'e'iv of tliat parficu-
lar slice of solution space, I would not recom
mend, obtaining all the possible, slices bijcaijse 
of the expense and because for some parameters 
the accuracy of the standard deviations qf 
e.quation (16,,) are. sufficient. 

Field exam-pies 

Three-field curves wiH be analyzed. The data 
were taken in different environments with differ
ent resistivity systems,, noise levels, and elec
trode spacing rates, DriE hole information is 
shown for two of the sonndings. The degree of 
correlation betwesn the drill .hole geologic sec
tion and thiJ electrieal resistivit'y section in^ 
dica'tes both the aceuraey of the inverse' method 
of interpretation and the ability of resistivity 
sounding, to delineate the geologic section. 

Lake Bonneville sovndingi—^Figure "'contains 
the data for.a. Schlumberger sounding taken in 
west-central ©tah. This conductive section con
sists primarily of Lake Bonne'ville sediments; 
which typically have very low resistivity because' 

of tlieir high salt content. In an arid climate, 
a tj'pical section consists of a thin, dfy upper 
layer underlain by '.a- thin layer of sediments 
TOth a largc.amount of sall.due:to.,fluctiia,tions of 
the w;ater table: Typicallythe saline layer wo'uld 
overlay a saturated or partially saturated sedi
ment that would probably contain less salt. 

The data in Figure 7''sugges't that the inost 
complicated model which inight be cierived with 
any degree df confidence' is a three-layer niodel 
with "a. very thin surfa'ce layer. However, there 
does a.ppc;ar to bt; a slight infiectidn'in theda ta 
at spacings of 5 m to 7'm'. The fact that the in-
flectidii also appears ,in a pfepehdicular sound
ing indicates that i t may be' caused by another 
layer rather than by .lateral changes. When I 
attempted to fit a three-layer model to the data, 
the residual variance and, hence, the estimate 
of the noise level were higlier than ex-pected. 
.4 four-layer mode! interpreta.tion and its com
pou ted sounding curve are shown in Figure 7. 
The curve fits the data quite well, and the 
estimated noise level based on this fit is ap
proximately 3.5 percent of the value at each 
data point. Since I consider- tfiis to be the a,p-
proximate •adcura'cy of the data, I do not feel 
that a closer fit is jiistified. The slight inflectiori 
in ' the data, between spacings df 40 m and 70 m 
might be due tb another layer. However, since 
the fit to the datayshbwn ih Figure 7 is already 
within the estimated noise level of the' field data, 
there is little justification for using a more com
plex model to attempt a closer fit to the data. 

The corrdation .matrix in Figure 7 indica'tes 
a high degree qf correlation between- the re
sistivity and thickness of the third layer. How
ever, since the data does 'not appear to con
tain much information about the second layer, 
we expected a much higher correlation between 
the parameters of the second layer than was 
obtained. Apparently Che second layer is better 
represented in the data than was anticipated. 
Another iritere'ating. point is the <strong cor
relation "that exists b-etween bbth parameters of 
ithe, third layer and the thickness 6f~ the second 
layer. 

Figure 7 shows the slice pf solution space de
fined by the- parameters pf the third layer. As 
is often the case, the standard deviations de
termined from the covariance matrix are much 
laTger tKaii those predicted by the confidence 
cbri tours. However, we suspect that the coii'tours 
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space. 

of the'pa-(a space may urider'Bstimat'e the stand-. the third-layer parameters were also changed, 
ard deviations because of the high degree of the range of third-layer parameters that re-
correlation bet'sveen the paraineters .of the third suited in â  good fit to the field data would be 
layer arid the thickness of the secoiid layer. If changed, 
the second-layer thickness had been changed as Curlew "Valley sounding.—.Figtire 8 shows a 
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sounding from a tyjiical basin and range valley 
located in Utah immediately north of the Great 
Salt Lake. The area was the subject of an in
tense study of fhe use of electrical methods in 
ground water exploration (Glenn, 1973). One 
objective of the study was to determine the 
principal aquifers of Curlew VaUey and their 
recharge areas. In general, the geology of the 
valley consists of an ujiper laj'er of interbedded 
Quaternary lake dejiosits and alluvial fans and 
a second layer of intercalated Tertiary sedi
ments, basalts and tuffs, underlain by Paleozoic 
limestone or dolomite, or possibly a dense, crys
talline rock with high resistivity. The surface 
topography of the buried basalts is quite vari
able and the rocks outcroji in two low hills near 
the center of the valley. Several confined aquifers 
are thought to lie within the basalt where the 
basalt is highly fractured. 

Note that fewer data were obtained for the 
Curlew Valley sounding. Figure S, than were 
obtained in any other sounding studied in this 
paper. This has resulted in a rnore poorly de
fined curve than would result from a more 
densely spaced .survey. The sounding cur\'e in 
Figure S is poorly defined from 1500 ft to 
ClOO ft. The measurements taken at the large 
spacings were more noisy than the other mea
sureraents. An inlerjireted fit, with a residual 
variance of 12,92, yields an estimated error in 
the data of 3,5 percent e.xcept for the sjiacings 
bf 3000 ft and 4500 ft, where the final estimated 
errors were 9 and 20 percent, respectively. In 
view of the poor definition of the field curve at 
large spacings, we exjiected the standard devia
tions for the parameters of the tliird nnd fourth 
layers to be quite large. The standard devia
tions indicate that the third and fourth layers 
are jioorly resolved, but also the standard 
deviations for the jiarameters of the second 
Layer are very large. All the parameters e.x
cept those of the first layer are crudely de
termined as shown in the p-j-tj isolution sjiace. 
The confidence contours deviate from the tyji
ical elliptical pattern exjiected for a problem 
that is linear over the region of the contours. 
The contours indicate th.at, while there is a 
definite negative tradeoff between re.?istivity and 
thickness, there also exists a lower bound for an 
acceptable thickness and another lower bound 
for an acceptable resisfivity. At these lower 
bounds, several values of one ji.arnnieter will 

yield an acceptable fit for a fixe'd value of the 
second jiarameter. The bounds indicated by the 
99 percent confidence contour are such that the 
thickness must be equal to or greater than 27.5 
ft and the resistivity must be equal to or greater 
than 3200 ohm-ft. However the pj-t, space neg
lects the strong correlation between the param
eters of the second layer and the thickness of the 
first layer. The correlation matrix indicates that 
if the thickness of the first layer was decreased 
and the thickness of the second layer was in
creased, the resistivity of the second layer could 
be made smaUer than the apparent bound given 
by the pi-t, space and still yield a good fit to 
the field data. The p^-ts spaee in Figure S illu
strates that the third layer is unresolvable. The 
correlation matrix indicates that the parameters 
of the third layer are hnearly dependent and 
very highly correlated with the resistivity of the 
underlying half-space. 

Also shown in Figure S is the limited geologic 
section detennined from a rather shallow driU 
hole. The drill hole failed to reach the base
ment rock, so it is not possible to check the 
depth to basement given by the inverse inter
pretation. The overall characteristics of the 
four-layer model fit the known geologic .section. 
It apjiears that the upper jiart of the ba.salt is 
dry and resistive, while the lower jiart seems to 
be inore porous and saturated with saline water. 
I t is doubtful that fresli water could have re-
.sultcd in such a conductive third layer. Beyond 
this general description, I cannot reliably predict 
the depths to the various layers; the available 
data are simjily too noisy and sparse. I t would 
be helpful if the resistivity of the basalt and 
basement were determined by measurements on 
outcrops in the valley, 

Brazil sounding.—Figure 9 is a sounding 
taken by Rijo (1973, jiersonal communication) 
in an alluvium-filled river valley in north
eastern Brazil, The sounding was taken in an 
attempt to find the depth to the metamorphic 
basement rock. In this area, if the basement is 
very close to the surface, any water in the sec
tion above the ba.sement is likely to be of poor 
quality because of the organic material in near 
surface aquifers. However, where the basement 
is deeper, the water is generally of better quality. 
The field data and the best interpretation are 
shown in Figure 9 along with the estimated 
standard deviations. Note that the data points 
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at the largest spacings rise at an angle that ex
ceeds 45 degrees, indicating the presence of 
lateral inhomogeneities. The final fit indicates an 
error in the data of approximately 3.7 percent 
except for those points at the largest spacings, 
which are assumed to have a larger error level. 
The resistivity model corresponding to the best 
fit curve is also shown in the figure along with 
a drill hole section taken close to the center of 
the sounding. The correlation matrix is rather 
complicated and seems to indit;ate that there 
are not any two parameters that are strongly 
correlated exclusively one to anolher. For this 
reason, it is very difficult to define a slice of 

solulion space with two highly correlated param
eters. Therefore, the standard deviations must 
be interpreted with care. Note that none of the 
standard devialions is either extremely large or 
extremely small, except for the fourth layer, so 
they may be relatively accurate. 

A comparison of the drill hole section with 
the resistivity model indicates that the thick
ness of the upper two layers are predicted 
accurately. However, the model thickness 
(and, I suspect the resistivity) of the third 
layer does not correspond at all weH with 
the driU hole observation. The depth to the 
basement is greatly overestimated. Even if the 
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stand.ird deviations of Table 5 are included, 
the third layer is still too thick and too resistive. 
From other soundings in the area it is known 
that the conductive layer consists chieflj' of a 
silt and clay sequence that may or may not 
include a thin gravel unit. The true resistivity 
for this layer is commonly around 10 ohm-m or 
less, depending on the water qualily and the 
thickness of the gravel unit if it is present. 
Since the eslimated curve fits the data very 
closely, I can assume with some confidence that 
the horizontal conductance given by the param
eters of the estimated model for the third layer 
is the correct value. If we assume that the true 
resistivity of the third layer is closer to 10 ohm-m 
than to 36 ohm-m, the horizontal conductance 
gives a thickness of approximately 27 m, which 
corresponds much more closely lo the drill hole 
information. 

Another important point concerns the number 
of layers used to fit that data. Using the depths 
indicated by the driU hole section, I attempted 
to fit a six-layer model to the field data, I 
fixed the thicknesses and was able to achieve 
a fit slightly morc accurate than the four-layer 
model fit. However, I believe it is best to fit the 
simplest model to the data provided that model 
yields an estimated residual variance within the 
noise level of the data. If we assume that the 
noise level is approximately 5 percent, then 
the four-layer model fits the data within this ac
curacy. Therefore, without other infonnation, 
I do not feel justified in attempting to fit a 
more complicated model. 

CONCL tJ .SIONS 

The ridge regression estimator is a powerful 
method for interpreting resistivity soundings 
over plane-layered earth structures. Using this 
method, it is possible to find a model that fits 
the data, to indicate the accuracy of the fit 
relative to the noise level in the data, and to 
predict the accuracy with which each param
eter is estimated. This is certainly an improve
ment pver most other methods because they are 
rarely able to indicate the range of models that 
will fit the data with a given degree of con
fidence. 

I t is important to note that the meihod is 
not a panacea. As shown by the Brazilian field 
example, more control is needed than just the 
resistivity data if we are to predict accurately 

fhe geoelectric section. I believe the ridge regres
sion method niakes full use of the datn, but in
terpretation of even near perfect data requires 
some, if not substantial, geologic control. 

The cost of interpretation for the three field 
curves, including the solution sjiaces, was ap
proximately S70-S100 each. The cost would be 
less for one who was familiar with the geology 
of the three areas. In the Brazilian example 
several hours were required to fit the curve using 
the auxiliary point method. The resultant fit 
was not nearly as good as that provided by the 
inversion and there was no way to estimate 
the accuracy of the model or the range of models 
that would fit the data. 
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Abstract. Recent studies in solution chemistry, together -with our earUer high-pressure 
work, provide the infonnation needed to construct resistivity-depth profiles for typical crustal 
rocks saturated with aqueous solutions. Profiles are presented for three heat fiow provinces: 
the Sierra Nevada, the Basin and Range, and the eastem United States, lo a depth of 40.km. 
The effects of high pres.sure and temperature and the variation of pore pressure from hydro
static to lithostatic are discussed. For aqueous solutions alone, resistivity typically dccreasL>s 
with the conditions encountered at depth. However, this decrease is nearly counteracted by 
the effect of decreasing porosity of typical rocks at depth, so that below a few kiloraeter.'s, 
resistivity of solution-saturated rocks should vary only slightly untU temperatures sufficient 
for raineral conduction are reached. Mineral conduction should become significant at a depth 
of 10 to 40 km, depending on heat flow province. At no depth should resistivity of solution-
saturated crustal rocks be greater than 10° JJ-m. 

Much is known about electrical resistivity of 
rocks of the sort thought to make up the earth's 
cnist, for pressures and cemp>?ratures appio-
priiite to depths of 50 km or more [see KeUer, 
1966; Parkhomenko, 1967], In most of the lab
oratory studies upon which these data are based, 
the rocks wore nominally dry or, if they were 
water-bearing, they were at atraospheric pres-
.•jiire [see Scott et al., 1967.]. In the earth, rocks 
below the water table are saturated with aqueous 
solutions to at least 4 to 5 km, based on ob
servations in deep weUs, and possibly to even 
iire.iter depths. What is the resi.stivity of crustal 
rocks if these conducting solutions are taken 
info account? No eslimates appear to be avail
able in which all the important factors such as 
lemperature, saUniiy, and pore pressure are 
taken into account. The purpose of this paper 
is to attempt such an estimate ba.sed on labora
tory studies. T'wo assumptions are made: that 
laboratory samples are truly representative of 
intact rock in the crust and that crustal rocks 
are saturated. Actual field mea.surements of re
sistivity of deeply buried rocks may themselves 
pro^'ide a test of these assumptions. 

What factors determLne resistivity of rocks 
in the crust? From earlier studies at roora tem

perature [Keller, 1966; Brace and Orange, 
196S6], porosity is the sole rock property that 
detcnnines the resistivity of witer-saturated 
rocks composed of nonconducting minerals; 
grain size and mineralogy have almost no effect. 
Resistivity also depends strongly on the detailed 
chemistry of the pore water. Pre.ssure and tem
perature are important because they affect both 
porosity of the rock and conductiNnty of the 
pore solution'. 

Of these factors, porosity, salinity, and pres
sure have been studied in some detail for satu
rated rocks IBrace et al., 1905: Brcice and 
Orange, 1968a, 6; Greenberg and Brace, 1969]. 
Temperature, particularly in its effect on solu
tion resistivity, is the principal remaining fac
tor whose effect is poorly understood. The cora
plete ex-periment, in which both pressure and 
temperature are varied for saturated rock, does 
not seem to be feasible at present. Instead, wc 
will use in this paper some new measurements 
of resistivity of various dUute solutions to 4 kb 
and 800°. Fortunately, these solutions, which 
were studied for quite a different purpose, hap
pen to be of geoio.gic interest, and the pressures 
and temperatures are quite appropriate for the 
crust. We combine these data with our earlier 
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room-temperature and high-pressure results for 
rocks and thereby estimate the resistivity of a 
solution-saturated rock at . different depths in 
the crust, AU the factors that determine resis
tivity vary not only verticaUy in the crust but 
also horizontally. In this paper we narrow the 
choice somewhat by selecting three heat flow 
provinces [Roij et al., 1968; Lachenbruch, 1970], 
Resistivity-depth profiles are constructed for 
each province, by using the appropriate tem
perature-depth profiles. Each resistivity profile 
gives the range of resisti%'itie3 that is shown by 
a group of typical crustal rocks and the varia
tion with depth (which is the combined effect. 
of pressure on the rock and of pressure and 
temperature on the solution). Variations in re
sistivity as pore pressure ranges from hydro
static to lithostatic are discussed; the effect of 
mineral conduction at high temperatures is also 
considered. 

^Porosity. Porosity must be considered care
fully, since it is the prime factor controUing 
conduction in saturated rocks at lower tempera
tures. Natural rocks have three kinds of poros
ity: fracture, crack, and pore. We adopt the 
term fracture porosity here for porosity that is 
associated with joints, faults, bedding planes, 
cleavage, and other features typically not in-

' eluded in the smaU samples studied in the lab
oratory. Laboratory samples contain cracks and 
pores [Brace, 1965; Walsh arui Brace, 1966]; 
the cracks close at low pressure as, presumably, 
does fracture porosity. Pores are somewhat re
duced by pressure but still appear to provide a 
network of conduction paths to very high pres
sure [Brace et al., 1965]. 

To what extent is, the porosity of laboratory 
samples identical with that of rock in place? 
ObviouslyTfracture porosity is lacking in labora
tory samples; there may be differences with 
r ^ a r d to crack and pore porosity as weU [Brace 
and Bijerlee, 1967]. Cracks may be introduced 
during samplifag, particularly if the rock Ln place 
is under stress [A'wr and Simmons, 1970]. How
ever, it seenos likely that most crack and pore 
porosity already exists prior to sampling, inas
much as it probably results from changes in 
pressure and temperature which the rock experi
ences during its geologic history. For example, 
crack porosity of laboratory samples of granites 
is particularly high relative to either a pure 
quartz rocka or to rocks with no quartz [Nur 

LABORATORY RESISTIVITY' 
and Simmons, 1970]. This relation would be ex
pected if the porosity resulted from temperature 
changes; the thermal expansion of quartz is 
quite different from that of feldspar and other 
common minerals. Thus, values for crack and 
pore porosity of laboratory and intact rock in 
situ are probably not very different. The mosl 
sensitive test of this would be a detailed com
parison of laboratory and in situ resistivities, 
.Although one such comparison was attemplcil 
[Simmons and Nur, 1968], the results were 
quite inconclusive [Orange, 1969], As noted 
above, we will have to assume here that labora
tory resistivity is the same as that of rock in 
place as long as factors such as pressure anil 
saUnity are the same. 

The effects .of temperature on porosity are 
not well understood and need to be explored, for 
thermal stresses may in certain cases cause 
cracks and increase porosity. Probabiy, crack
ing due to temperature change is minor as long 
as effective pressure is high. One guide in this 
respect is Birch's [1943] study of shear ve
locity at high temperature and pressure. None 
of the pronounced dropoff in velocity that might 
be expected from new cracks •was obser\'ed up to 
600° for pressures of 3 to 4 kb; evidently any 
cracking was suppressed by ,the pressure. We 
will assume that this is generally true and that 
porosity is unaffected by temperature change as 
long as pressure and temperature increase to
gether. The changes in porosity due simply to 
thermal expansion are probably negligible. 

Pressure. Pressure also must be carefully 
considered, for it plays a varied role. On the one 
hand, resistivity of a saturated rock depends on 
effective or grain-to-grain presstu-e, P, which 'is. 
total pressure less the pore pressure [Brace and 
Orange, 1968o]. On the other hand, resistivity of 
the pore fluid itself depends only on pore pressure, 
-PH.O- We wiU consider two situations that may be 
of interest geologically: when pore pressure i"* 
Uthostatic (PH.O)LITH and when it is hydrostatic 

• (.PH.O)HYD, where the corresponding effective 
pressures are (P)LITH and (P)nyD, respectively. 
Not enough is known about water in deeply 
buried rocks to determine whether other situa
tions (such as zero or sub hydrostatic pore 
pressure) are more relevant. When pore pressure 
is lithostatic, it balances the weight of overlying 
rock; effective pressure (P)I , ITH is therefore zero. 
'When pore pressure .is hydrostatic, effective 
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pressure (P)HYD is total less hydrostatic pore 
pressure, or {pB — Ptrlgz, where pn and pw are 
average densities of overlying rock and water, 
respectively, z is depth, and g is the acceleration 
of gravity. Pore pressure might be hydrostatic 
if all pore space were continuously connected to 
the surface. 

SalinUy. Resistivity of a solution-saturated 
rock depends strongly on the concentration of 
salts in the pore solutions. This dependence was 
explored [Brace et aL, 1965] for two pore solutions 
that ranged in resistivity from 50 fi-m (tap 
water) to 0.25 Q-m (NaCl solution). Data from 
this study and from Brace and Orange [19686] are 
given in Figure 1 for a wide range of crystaUine 
igaeous and metamorphic rocks, at the same 
effective confining pressure of 4 kb. Surface 
conduction [Mtidden arui Marshall, 1959] lowered 
the resistivity of the samples with tap water 
by a factor of 10 to 20, so that resistivity for 
the two pore solutions differed only by a factor 
of 10 (rather than the factor of 200 to be expected 
from the ratio of solution resistivities). 

What is the resistivity of pore fluids likely to be 
present in rocks in the crust? This is, of course, 
not known and can only be surmised from the 
resistivity of waters found in igneous and meta
morphic rocks near the siuface. Data from 
numerous wells [White et al., 1963; Keller, 1966] 
reveal that resistivity is almost always within 
the limits 0.5 to 100 Q-m, with average values 
for wells of 1 to 30 Q-m. Recent sediments, young 
sedimentary rocks, and some volcanic environ
ments contain waters of lower resistivity, 
ranging down to 0.1 Q-m. 

If we adopt 1 to 30 Q-m as typical of natural 
pore solutions, then, from Figure 1, resistivity 
of̂ rocks of 0.001 to 0.01 porosity wiU be about 
I0» to 10» Q-m at P equals 4 kb. This narrow 
range is a helpful result of surface conduction 
which, in effect, requires that a rock behave as 
tltough pore fluid resistivity were about 2 Q-m, 
although in reality the fluid might be much more 
fesistive pure water. 

Iieat fiatD prtrvincea. Basing their study on 
^ o n a l similarity of heat flow and surface heat 
production, Roy et al. (1968) defined three heat 
Sow provinces: the eastem United States, the 
Sierra Nevada, and a zone that includes the 
Basin and Range tectonic province. Within 
^ach province, crustal temperature has been 
estimated [Roy et al., 1968] with greater than 
normal precisioii (Table 1, Figure 2). For each 
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Fig. 1. Measured resistivity of igneous and 
metamorphic rocks at 4-kb effective pressure as a 
function of pore porosity [from Brace et al., 1965; 
Brace and Orange, 19686]. 

province, overbtu"den or Uthostatic pressure was 
determined as a function of depth based on 
appropriate seismic profiles. For Basin and Range 
and Sierra Nevada, data of BtUeman and Eaton 
[1967] were used, and for eastern U. S., data of 
James ei al. [1968] were used. The density-
velocity relation of Bateman a'nd Eaton [1967] 
was used. Table 1 includes lithostatic pressure 
PLITH and effective pressure (P)im) for the 
case when pore pressure PH,O is hydrostatic. 
For the other case, that PH,O equals PLITHI 
then (P)LITH is zero. PLITB is simply psQz, 
where rock density ps is derived from the seismic 
profiles noted above, z is depth, and g is the 
acceleration of gravity. 

Mineral conduction. At high temperature, 
conduction even through nonnally insulating 
minerals like quartz and feldspar becomes im
portant. Conduction varies appreciably among 
mineral species and even within members of a 
solid solution series. However, some general 

I-

fi''. 
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TABLE 1. Pressures and Temperatures of Heat Flow Provinces 

(PLITH is overburden pressure and (P)HYD is effective pressure when pore pressure is hydrostatic.) 

2 , km 

5 
10 
15 
20 
25 
30 
35 
40 

r, "C 
100 
170 
240 
310 
370 
420 
460 
500 

East U. S. 

PLITH, 
kb 

1.35 
2.80 
4.25 
5.70 
7.15 
8.6 

10.0 ' 
11.7 

(P)HYD, 
kb 

0.85 
1.80 
2.75 
3.70 
4.65 
5.6 
6,5 

,7.7 

T, °C 

80 
120 
160 
200 
235 
270 
300 
340 

Sierra Nevada 

PLITH, 
kb 

1.35 
2.70 
4.10 
5.50 
6.90 
8.4 
9,9 

11,4 

(P)im>, 
kb 

0,85 
1.70 
2.60 
3.50 

• 4.40 
5,4 
6,4 
7.4 

Basb and Rt 

PLITB, 
T, °C 

150 
250 
380 
510 
630 • 
750 
860 
970 

kb 

1.35 
2.70 
4.05 
5.55 
7.05 
8.65 

10.3 
11.9 

mge 

(^)iivn, 
kb 

0,8.̂ ) 
1.75 
2,70 
3,82 
5.0 
6.,3 
7,7 
9.1 

trends are clear, based on extensive laboratory 
studies both at room pressure and at high pres
sure. Two curves of conductivity versus tem
perature between which raost reported measure
ments faU are shown in Figure 3. Resistivities of 
a wide range of dry granitic, intermediate, mafic, 
and ultra mafic rocks [see Parkhomenko, 1967; 
Keller, 1966] fall between these limits, as does 
the ohvine (0 to 15 per cent fayalite) studied 
by Hamilton [1965] to 42 kb. PartiaUy melted 
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Kg. 2. Geotherms after Roy et al. [1968]. SN 
refers to Sierra Nevada, BR to Basin and Range, 
and EUS to eastem United States., 

rocks, particularly in the presence of water, fall 
outside these limits; in this case, resistivity c.in 
be many orders of magnitude lower [Lehe'iicv, 
and Khitarov, 1964], 

Detailed mineralogy of the actual rocks in ihc 
crust is not known, and even if it were known, 
high temperature resistivity might not be ex
actly predictable without knowledge of minor 
elements and impurities [Hamilton, 1965]. In 
what follows we assume that the two curves in 
Figure 3 limit the actual resistivity of sub
solidus rocks in the crust. As will become 
clearer later, these curves which were obtained 
for dry materials probably also apply to water-
saturated rocks at high temperature, for, abo\e 
a few himdred degrees, mineral conduction 
dominates conduction through pore fluids. 

6 5 4 3 ? . 

-Log cofiducliyity , mhos/m 

Fig. 3. Dependence of mineral conduction on 
temperature. The two lines give the limits be
tween which most measurementa for dry silicaii? 
rocks faU [from Keller, 1966; Parkhomenko, 
1967; Hamilton, 1965]. 
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coNDUCTrvmr OF SOHITIONS AT HIGH PRESSITRE 

AND TEMPERATURE 

Bisfore an examination of the role of solute 
ions, it is of interest to follow the changes in 
pure water that occur when it is subjected to 
the pressures and temperatures encountered at 
depth in the three heat flow provinces. Density 
is shown in Figure 4 for the three areas; data 
are based on Kennedy and Holser [1966]. Two 
curves are given for each area, termed 'HYD' 
when PH.O is hj'drostatic and 'LITH' when PH,O 
is lithostatic. I t is seen that density generaUy 
decreases with depth, except for Sierra Nevada, 
the abnormaUy 'cold' province. When pore pres
sure is lithostatic, density change nowhere ex
ceeds 15 per cent. Even in Basin and Range, the 
abnormaUy 'hot' region, density never falls be
low 0.5 g/cm°. 

The conductivity of a variety of dUute aque
ous solutions has been measured by Quist et al. 
[1963] and Quist and Marshall [1966, 1968, 
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Fig, 4. Density of water as a function of depth 
'or the three heat flow provinces, when pore pres-
'"re is hydrostatic (HYD) and Uthostatic (LITH), 
•J'lla are from Kennedy and Holser [1966], SN 
"•foi-s to Sierra Nevada, BR to Basin and Range, 
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200 <»00 600 

. Temperolure , *C 

800 

Fig. 5'. Isobaric conductivity of a 0.01-ra NaCl 
solution as a function of temperature. The number 
on each curve gives Pnjo in kilobars [from Quist 
and .Marshall, 1968], 

1969, 1970], Typical results are shown in Figure 
5 for a 0.01-molar NaCl solution as a function 
of pressure and temperature. Conductivity is 
seen to go through a pronounced maximum with 
temperature; the value of maximum conduc
tivity varies httle with pressure, although the 
maximum is shifted to higher temperature with 
increasing pressure. These soraew^hat curious 
changes in conduciivity may be partly under
stood by coasidering the changes in the proper
ties of water with increasing temperature. Vis
cosity decreases with increasing temperature, as 
does the dielectric constant and, to a lesser ex
tent, density [Quist and Marshall, 1968]. The 
combination" of these effects makes it initially 
easier for ions to move in the solution in re
sponse to an applied electric field; at higher 
temperature, however, motion is impeded as the 
effect particularly of lowered dielectric constant 
overtakes that of lowered viscosity. 

Merely from inspection of Figure 5 it is clear 
that, initiaUy at least, conductivity of a solu
tion such as 0.01-niolar NaCl would increase by 
a factor of about 6, irrespective of the detailed 
way in which pressure changes. Beyond ap
proximately 400°, however, there is a more com
plicated interaction of pressure and temperature 
effects. For the problem at hand," we must con
sider the actual pressures and temperatures of 
the three areas of interest. This has been done; 
the results are .shown in Figures 6 and 7. Rela
tive coniluctivity was determined from the data 
of Quist and co-workers from figures such as 

V. 

m̂ 
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conductivity 

Pig. 6. Relative conductivity of various solutions for the eastem United States (EUS) 
and the Sierra Nevada (SN) as a function of depth. White symbob are hydrostatic pore 
pressure and black symbols are lithostatic pore pressure. Curves give average values. 

mil 

Figure 5 for a variety of solutions using the 
pore pressures and temperatures listed in Table 
1. The-relative conductivity is obtained by divid
ing conductivity by the value at room pressure 
and temperature. 

The effect of solute concentration is clearly 
indicated' by results for the eastem United 
States (Figure 6). Data are shown for 0.001-, 
0.01-, and 0.1-molar NaCl solutions. For this 
range of concentration, for which resisti-vity 
ranges from about 1 to 100 fi-m at standard 
conditions, variation with depth is seen to be 
nearly the same. Variation with depth is also 
very similar for Sierra Nevada (Figure 6) and 
for the Baan and Range (Figure 7) when pore 

pressure is lithostatic. For the hydrostatic Basin 
and Range, variation in conductivity is markcdl.v 
diflferent; first it increases and then rapidly <ic-
creases with depth. 

Variation of solute ion, for the species so f.ir 
investigated by Quist and co-workers, also seem-
to have httle effect on the variation of conduc
tivity with depth. With the exception of HjSO., 
aU the different solutions group rather closoi.v. 
as shown in Figure 6. 

Curiously enough, differences between hydro
static and lithostatic pore pressure are ai,-'" 
minor, except for the Basin and Range, .̂ P" 
parently, conductivity for the three geothem.-
rather quickly reaches a value close to the nia''''-

'.V. K. BRACE 

mum such as shown 
ihi.") figure, the valu 
too sensitive to pre.?.' 
H increasing slowly, 
hydrostatic case, ten 
i.ily that condiictivit-
niMin with incrcnsin;: 

APPLICATION 

Porosity changes v 
nmiluctivity but al-si. 
!..rks changes with il 
till! elTects of increasi 
bo significant. As di 
static and pore prco 

Z. 

km 

Fig. 7. Condu. 
function ot deptl 
pressure. Cun-es b 



;iESiSTivnT 

o 

\\r F. BRACE 

mum such as shown in Figure 5. As seen from 
this figure, the value of the maximum is not 
lots sensitive to pressure as long as temperature 
is increasing slowly. For the Basin and Range 
hydrostatic case, temperature increases so rap
idly that conductivity falls away from the maxir 
mum with increasing depth; see Figure 7. 

APPLICATION TO CRUSTAL ROCKS 

Pttrosity changes with depth. Not only fluid 
conductivity but also porosity of typical crusta 
(ocks changes with depth. As noted above, only 
lhe effects of increasing pressure are beheved to 
be significant. As depth increases, both litho-
jtatic and pore pressiures typicaUy change; as 
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long as the difference in these pressures, P, 
increases with depth, then porosity decreases 
as weU. Of the many possibilities, two cases are 
considered: when PH.O is Uthostatic and when it 
is hydrostatic. For the first case, P equals zero 
and porosity remains unchanged with depth. 
For the second case, P increases and porosity 
decreases continuously with depth. 

We next consider how P affects pore, crack, 
and fracture porosity and, therefore, conduction 
through pores, cracks, and fractures. We will 
attempt to define average behavior so that in 
later sections we can discuss characteristics of an 
average crustal profile. 

Porosity of a wide variety of rocks decreases |.-J 
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Fig. 7. Conductivity changes of various solutions for the Basin and Range (BR) as a 
function of depth. Black symbols are hydrostatic and white s.vmbols are Uthostatic pore 
pressure. Curves bound hydrostatic values. 
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with P in very nearly the same way between 2 
and 10 kb [Brace and Orange, 19686], .\t these 
effective pressures, most cracks and, in the earth, 
most fractures .would be closed, so that the 
porosity affected here is pore porosity. To a good 
approximation in this pressure region, conductiv
ity change due to decreasing pore porosity is 
given [Brace and Orange, 19686] by 

\ / a dtr/dP = - 0 . 1 0 kb' (1) 

where a is conductivitj'. In other word.=, con
ductivity decreases by a factor of 10 per 10 
kilobars increase in P. 

Conductivity changes due to elimination of 
crack porosity under pressure vary rather widely 
among different rocks. Decrease of conductivity 
in the first 1 to 2 kb of a factor of 5 to 10 is 
typical [Brace et ai, 1965; Brace and Orange, 
19686). 

The response of fracture porosity to increasing 
pressure is not amenable to study in the labora
tory, but it can be estimated on the basis of 
certain field observations. Snow [1968] used 
measured flow rates at ten-foot intervals in driU 
holes at some 35 dam sites in granite, gneiss, and 
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meta volcanics to calculate fracture porosity r̂ .. ^ 
function of depth. Porosity ranged from 5 X 10-« 
at 10 m or so below the surface to 5 X 10-« ^ 
about 100 m. This porosity is appreciably Inw,.; 
than t>-pical pore and crack porosity; for examiilf. 
pore porosity is typically 10-» to 10-', and crack 
porosity is approximately 1 to 2 X IO"'. Hovv
ever, conduction through fracture porosity lu.iv 
stiU be important. Fractures, in the sense u-:i-.', 
here, are probably more nearly straight an-l 
therefore have lower tortuosity than crai.'k> 
Earlier measurements indicate that conduciii,!, 
through fractures may therefore vary muTe 
nearly as (porosity)' than as (porosity) = u-. 
observed for cracks and pores [Brace el al, I'.)•",.•,_ 
Brace and Orange, 1968o], Conduction tliroiiv;!. 
fractures wiU therefore be a factor of 5 to li. 
greater than crack conduction. To judge inmi 
Snow's observations, fractures are nearly clcsul 
at around 100 m, equivalent to P of about "JiJ 
bars. 

Contributions from fracture, crack, and pore 
conduction for saturated rocks can now Ix-
combined schematically. In a plot of log con. 
ductivity versus effective pressure P, tlii,-
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Fig. 9. Resistivity versus depth for the eastem United States (EUS) for hydrostatic pore 
pressure. Dry mineral conduction falls between the dotted line bounds; conduction through 
pore solutions falls between the continuous line bounds. 

characterization (Figure 8) consists of three line 
segments. Close to zero pressure, conduction 
through fractures dominates. From zero to 1.5 kb, 
pore and crack conduction combined change by 
a factor of 10. Above 1.5 kb, pore conduction 
according to (1) is assumed to be dominant. The 
two lines in Figure 8 reflect variation in resistiv
ity due to a porosity variation.of 0.001 to 0.01, as 
summarized in Figure 1, for a pressure of 4 kb. 
Thus, the two lines bound values to be expected 
for typical saturated crustal rocks of these 
porosities. 

Combined effects. The curves in Figure 8 
boimd the conductivity of average crust with 
the rock at high pressure and temperature and 
the pore solutions at room pressure and tempera
ture. The effects of elevated pressure and 
temperature on the pore solutions can now be 
added.-The Unes drawn through the data in 
Figures 6 and 7 were taken to be the typical 
response of solutions to the pressure and tempera
ture at depth in the three pro'vinces. These 
effects were combined by multipljdng rock con
ductivity at a particular depth (from Figure 8) 
by the relative conductivity of pore fluid ap
propriate to that depth (from Figures 6 and 7). 
In this way, the pairs of continuous curves shown 
in Figures 9, 10, and 11 were generated. For the 

Basin and Range, the data in Figure 7 vary, 
depending on salinity and pore pressure; the 
curves shown in that figure bound the hydro
static case. The lower bound from Figure 7 was 
used for the lower bound in Figure 11, et cetera. 

The continuous curves in Figure 9 to 11 show 
conductivity versus depth for the hydrostatic 
case. If pore pressure becomes equal to Utho
static pressure below some depth, then effective 
pressure P remains zero below that depth. 
Further changes in conductivity below that 
depth would be simply those appropriate to the 
pore solutioas. • 

The broken lines in Figures 9 to 11 bound the 
conductivity of dry rocks; they are based on the 
data summarized in Figure 3. These broken 
lines are seen to intersect the continuous Unes; 
they represent conduction through pore solutions, 
at depths which vary^jconsiderably with the 
particular province, from a high of around 10 km 
for the Basin and Range to as deep as 40 km 
for the Sierra Nevada. For comparison, the 
approximate location of the base of the crust is 
indicated on the left-hand side of each figure. 
A few kilometers above the depth of intersection, 
conduction through pore solutions should domi
nate, whereas a few kiloraeters below, mineral 
conduction should be the more significant. 
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DISCUSSION 

Before discussion of the three profiles above, 
we restate the assmnptions on which they are 
based: 

1. Crustal rocks are typical igneous or metamor
phic varieties. ' ' • 
2. Laboratory samples have the same crack and 
pore porosity as rock in situ when both are at,the 
same effective pressure. 
3. Crustal rocks are saturated withidilute aqueous 
solutions similar to those found in suface igneous 
and metamorphic rocks. 
4. Natural dilute aqueous solutions respond to 
elevated pressure and temperature in the same 
way as the solutions studied by Quist and co
workers. 
5. Smface conduction (Figure 1) is independent 
of pressure and temperature. 
6. Temperature remains below the soUdus. 

The resistivity profiles for the three regions 
are combined in Figure 12; for each heat flow 
province, a' curv'e midway between the bounds in 
Figure 9, 10, or 11 has been drawn. Interesting 
similarities and differences in the curves are 
apparent. 

Tbe upper parts of all three profiles are nearly 
. identical. Resistivity rises rapidly to a maximum 
of nearly the same value (l(f fl-m), which is 
reached a t nearly the same depth (10 km). The 

abrupt comers in the profiles are, of cours.\ 
fictitious. In contrast, the lower parts of the 
three profiles differ markedly. Rapid decre:ui' 
in resistivity occurs at a depth that ranges frnm 
15 km for the Basin and Range to 40 km for 
the Sierra Nevada. This variation reflects tl.r 
marked differences in geothennal gradient for 
the different provinces. 

Maximum resistivity, even if we allow for thi' 
variation suggested by the sets of bounds in 
Figures 9, 10, and 11, is less than 10'' n-m. Thi,' 
resisti-vity is too low for efficient transmission 
of electromagnetic radiation [Levin, 1968], 

Field measurements of crustal resistivity ir, 
continental areas appear to give values of the 
same order, as suggested by the profiles above 
Crystalline rocks near the surface range in re
sistivity from 10* to 10" fi-m [Keller et a.'. 
1966], For highly resistive. rocks at depth in 
for example, the New England and New York 
area, resistivities as high as 10* to 10° fi-m nrr 
reported [Anderson and Keller, 1966], The-': 
values are simUar to scattered measuremenis 
made in Europe [Keller et al., 1966], 

Based on the evidence presented here, a typi
cal resisti'vity profile is nearly independent ol 
mineralogy and, therefore, of rock type, an.: 
nearly independent of pore water pressure, s.-

Depth, 

km 

Fig. 12. Coir 

;*««{( nr^-" 



a ' - ^ ^ : i 

Y R E S I S T l V m 

r. 

•c 

V̂. F. BRACE 253 

z, 
km 

- L O G C O N D U C T I V I T Y , M H O S / M 

7 6 3 4 

2 0 0 

4 0 0 

600 

T, 

8 0 0 

I IOOO 

7 6 5 4 " 

LOG RESIST IV ITY . OHM - METERS 

Fig. 11. Same as Figure 9, for the Basin and Range. 

-•^ '-r 

!.ir 

s are, of rnnrw 
wer parts of iif 
-. Rapid dc-cri-.->»r 
I tliat ranges frr.ni 
nge to 40 km fin 
i.ation reflects tl.' 
rmal gradient f<r 

f we allow for t!>r 
ets of bounil.' î  
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long as this pres,sure is at least hydrostatic. 
Thus, we should expect Utile correlation between 
profile of velocity (which depends strongly on 
mineralogy) and resistivity (which depends pri
marUy on porosity). Similarly, regions of high 
pore pressure will not be revealed by resistivity 
measurements. 

Of the assumptions listed above, 2 and 3 are 
most critical aud if invalid, could cause major 
departures of the natural profiles from those 
derived above. Unfortimately, both have the 
same general effect and are probabiy indistin
guishable by field measurement. If either 
pore porosity does not e.xist in natural rocks 
or if the rocks are water-free, then resis
tivity in the 10- to 40-km region of the profiles 
could be much higher than the maximum sug
gested abo\e. Neither possibility can be ruled 
out on the basis of present laboratory or field 
studies. Either deep driUing or additional deep 
resistivity soimdings are needed to settle this 
question. 
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DISCUSSION 

ilarc/.- I want to repeat my w^aming about 
c ,i;iinpling problem. When we look at rocks at 
.. .-'iirface we .see the more competent ones e.x-

.. -L-d. Those bidden beneath swamps and mus-
i-^ are the more common, and these often in-
.••ale the pyritic and graphitic rocks. They do 
wt show up in surface mapping, but we see 
inn in aerial electromagnetic surveys. I think 
11 are gi'ving us a crust biased toward the 

^ore competent rocks. 

Brace: Yes, I have only considered the rela-
• veiy resistive rocks, because the objective of 
;.« conference was to see if a liighly resistive 
.>yer is Ukely in the crust. If it is unlikely, 
Ni-'wl on laboratory measurements on typical, 
•r̂ i3tive siUcate rocks, then I think we can rule 
• out. For this reason, I have not looked at 
rnphitic rocks, although in certain regions they 
5iy weU be common and may' dominate the 
nuiation electricaUy. 

Alldredge: You showed resistivities up to 
10' fi-m, but no field investigation has yielded 
numbers higher than 40,000. Is this because 
your laboratory assumptions are way out of 
Ime? 

Brace: Yes, this could well indicate that 
certain of our assumptions are not correct, al
though miy greatest resistivity (5 x 10° fi-m) 
does not seem to be way out of hne with field 
measurements reported by Anderson and KeUer 
( lO'- lO'n-m). 

H. W. Smith: I don't think you have a way 
in the world of measuring resisti\-ities of the 
order 10' in the field. You cannot measure more 
than 5000 Q-m in a borehole by any known 
technique because of the driUing mud. We must 
think very carefuUy about this if we actuaUy 
drill a hole. 
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chanoid dune deposition. Facies C i s characterized by labular-
ptanar cross-beds, 3 lo 4 m; thick, interlayered with flat 
laminated fluvial arenites. It probably for med by migration pf 
solitary transverse dunes across emergent parts of the 
braidplain. Paleocurrcnts in all facies are unimodal and 
parallel lo (he paleoslope, but conimonly show a strong mode 
perpendicular to the palboslope. The lack of duricrusts, 
silcrctes, and ephemeral lake deposits suggests a semi-arid to 
humid paleoclimatc. 

The eolianites are distinguished from fluvial sediments by: 
(1) tabular-pfanar and trough cross-beds bounded by low-
angle to horizontal planar surfaces, the cross-beds being com
posed internaUy of wedge-shaped intrasets that dip in the 
direction of the megasel foresets; (2) ripple cross-lamination 
perpendicular to the megaset foresct dip;- and (3) large-scale 
cross-beds. An eolian origin is substantiated by association 
with braided river facies, dissimilarity of cross stratification 
compared to established fluvial facies models, and the tectonic 
setting. 

ROSS, HOWARD P. , and WILLIAM E. GLENN, Univ. 
Utah, Salt Lake City, UT, and CHARLES M. SWIFT, 
Chevron Restiurces Co., San Francisco, CA 

Renection Seismic Surveys for Basin and-Range GeothermaJ 
Areas—Aii Assessment 

Several state-of-the-art reflection seismic suryeys have been 
completed in high-temperature geothermal areas of the nor
thern Basin and Range province-. The survey data have beeii 
made public through the Departmerit pf Energy/Division of 
GeothermaJ Energy Industry Coupled and Exploration 
Technology programs. Data .were studied for the Stillwater, 
Dixie Valley, Beowawe, San Emidio., and Soda Lake resource 
areas. 

Reflection qualityi and hence usefulness of the reflection 
method, can be highly variable in the complex basin and range 
environment. Certainly survey design and proper processing 
arc required to enhance the quality of the data. The riibsi 
severe geologic t;ondilion appears to be the presence of .sur
face, or near surface, layered volcanic rocks. These result in 
strong early reflections, substantial ringing and poor energy 
penetTation (b depth, as atBeo-wawe. In areas of thick aUuvial 
cover, or Tertiary gravels and lake bed sedimentation (San 
Bnidio, Soda Lake, Stillwater), data quaUty is often sufficient 
to rnap basin border faults and major displacements on 
volcanic.or bedrock-surfaces beneath 2,000 to 4,000 ft (609 to 
1,219 m) of cover. Faulting is indicated prirriarily by the 
syslemalic termination of coherent reflections. Dirfraction 
patterns are sometimes fccogn'ized but cominonly ob,?cured by 
the complex faulting and lithologic variations. The identifica
tion of a given reneetor across major structures and accurate 
time-to-depth conversion are difficult interpretational pro
blems. Excellent data quality at Stillwater and Dixie VaUey 
should contribute to the develppmeiii o f these resources. 

ROSS, HOWARD P., DENNIS L. NIELSON, WILLIAM E. 
GLENN, et ai, Univ. Utah, Salt Lake Ci ty iUT 

Roosevelt Hot Springs, Utah Geothermal Resoiirce 
—Jntegrated Case Study 

The Roosevelt Hot Springs geothermal resource is located 
along the westem margin of the Mineral Mountains, approx
imately 19 km nonheast of Milford, in southwestern Utah. To 
dale, seven prpducing wells have been drilled by Phillips 
Petroleum Co. and Thermal Power Co. Coristruction will 

soon begin on the first stage of a )20-mcEawatt power p\zTii 
Detailed geologic mapping and the study of well logs and 

drill cuttings indicate that the geotherma! resenoir is 
fracture-controlled, liquid-dominated system. The host rocks 
of the reservoir are Precambrian metamorphic rocks and 
varipus Tertiary imrusives. The reservoir is mainly localiied 
between the range front and an alluvjal covered horst block-
along vvhich fluids have migrated lo the surface fprniing aa 
elongate north-trendingdorrieof siliceous.sinter. The reservoii 
is aii area of high heat flow (over i.OQO. mW/sq mi) and low 
near-surface e:lectrical resistivity (less than 10 ohm-m) 
Aeromagnetic, gravity, a'rid lefleclion seisrnic data help defme 
the geologic structure \vithin and around the aOuvium covered 
reservoir. Trace element geochemistry shows thai arsenic 
lithium, and mercury are enriched'along fluid pathways ofthe 
geothermal sysiem. Merciiry concentraliqns greater than 20 
ppb occur only at temperatures less than 225''Cand reflect the 
present thermal con figuration of (he field. 

The system was efficiently explored using detailed geologic 
mapping in combination with thermal gradient studies and 
dipole-dipole resistivity. 

ROV-^ELL, H. CHANDLER, Exxon Co. , U.S,A., Houston 
TX 

Bioslratigraphy of Monterey Formation, Palos Verde Hills 
Sou th e r n Cali fo rn ia 

Three members comprise the Monterey Formatipn in the 
Palos Verdes Hills: the Alt ami ra Shale, The Valmonte 
Diatomite, arid the Malaga Mudstone, FoUowing the diatom 
zonation of Barron (in press), the middle lo upper Ahamira 
Sh aie ranges from Subzone b o f t h e Penlieulapsis lauta Zpne 
through Subzone, b .of the Denticulopsis hustedtU-D. lauta 
Zone (14.5 to 12 miy.B.P.), the Valntionte Diatomite ranges 
from Subzdne.b: of the D. hustedtii-D. lauta Zone into the 
tower TTialassiosira antigua Zone (13 to 8 m.y.B.P.), and the 
Malaga Mudstone ranges.frorn the lower T. ahliqua Zpne into 
the lower Th'alassiosira oestrupii Zone (8 to 4 m.y.B.P-). trans
gressing the Miocene-Pliocene boundary (5 m.y.B.P.). The. 
overlap of up to one. miUion years along the Aliamira-
Valrnonte contact is not surprising since this contact i$ 
characterized by a diagenetic change of Opal-A to Opal-CT al 
most sites. 

The age distribution of outcrops reflects northwest-
south east-trending anticlinorium structure of'the Palos Verdes 
Hills, but local sections are discontinuous and deformed due 
to slumping, folding, and faulting during Pliocene uplift ofthe 
hills. This is best seen at Malaga Cove wherefolds, faulls, and 
slumps are visible alpng the sea"cliffs, and a short hiatus marks 
the ^'aJmonte-Malaga contact. 

The siliceous biostraiigraphy of-the;Palos Verdes Hills cor
relates to that pf tbe Monterey Formation at iSfewport Bay, 
However, .the correlation of the siliceous zonation to the ben
thic for a mini fei-al stages (assigned by Woodring et al, and 
Warren) differs for the two areas. 

RUBIN, DAVID M., and RALPH E. HUNTER, U.S. Geol., 
Survey, Menlo Park, CA 

Dune Size in Paleodeserts of Colorado Plateau 

Where dunes rm'grale during deposition, they rriove up-ward 
(climb) with respect to lhe generalized depositipn al surface. 
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FINITE DIFFERENCE AND WAVENUMBER MIGRATION 

by 

P.-Hood* 

ABSTRACT 

Finite difference migration has been developed and popularised by 
Professor J.F. Claerbout of Stanford University and is now widely used 
in seismic processing. For most sections finite difference migration 
gives comparable results to conventional Kirchoff migration and, where 
events are not dipping too much, a cleaner appearance is often apparent. 
However, there are two practical limitations of the method, and these 
occur in regions of very steep dip and where there is large variation 
of the velocity in the lateral direction. 

It is possible to develop successively more accurate equations to 
deal with the steep dip problem, but above third order these schemes be
come prohibitively expensive to implement. The finite difference method 
itself introduces errors and so imposes further limitations on the angle 
of dip. For the effective treatment of steeply dipping beds there appears 
to be no method available in the time domain which does not suffer from 
dispersion inaccuracies. However, by developing wavenumber migration, an 
exact one-way wave equation can be used, and this eliminates any error 
except that caused by finite sampling. 

The other difficulty with wave migration is the correct migration 
in regions with later.al velocity variation. There are two approaches 
possible: one uses an exact theory, whereas the other uses approximate 
theory based on the deviation from a depth stratified model. Both methods 
are discussed with their advantages and limitations. Finally, some 
examples are shown of wave migration applied to synthetic and real data. 

Seismograph Service (England) Limited 



FINITE DIFFERENCE AND WAVENUMBER MIGRATION 

Introduction 

There are a number of different options, available for the migration of 
seismic data, three of these methods are shown schematically in Fig. 1. The 
first method is the Kirchoff integral formulation of the wave equation, which 
gives rise to the "diffraction stack" process. This has been available for a 
number of years and offers quite a satisfactory method of migration. Essentially 
it uses summation along "NMO curves" of either (̂ P/at)2 or P, where P is the 
pressure recorded at the hydrophones. Using (̂ "/3t)J corrections for phase are 
automatically applied, whilst using P it is necessary to make a separate correc
tion after summation(1~^). Similarly amplitude corrections can be made to account 
for the varying numbers of traces in the suimnation process. 

The finite difference solution to the wave equation is the second method 
listed and will be the main subject of this paper. A limited discussion of the 
third technique which for brevity may be termed "wavenumber migration", will also 
be included. In "wavenumber migration" the migration is carried out entirely in 
the frequency domain. 

The use of finite difference techniques to migrate seismic data is so widely 
practised in the oil exploration industry that the subject requires little intro
duction. There are, however, two cases where finite difference wave migration 
can give poor results, namely in areas of steep dip or in regions where correct 
compensation for lateral velocity variation has not been applied. Although some 
think the best solution with a limited angle wave equation is probably to be ob
tained using slant stacked data(5), a surprising degree of success can neverthe
less be achieved with conventional CDP stacked data. In this paper, therefore, 
attention is focussed on migration of CDP stacked data and on the two questions 
of migration in regions with lateral velocity variation and steep dip beds. 

The subject of lateral velocity variation can fortunately be treated in 
isolation since, once a particular approach has been selected, it may be applied 
to a shallow or steep dip wave equation. The treatment of steep dip events, on 
the other hand, depends on the accuracy of the parabolic approximation to the 
wave equation used and on its numerical approximation. Both the parabolic wave 
equation and its finite difference solution introduce errors. In deriving a 
steep dip algorithm, errors from the two sources must be considered, and, as far 
as possible, made to cancel. 

Unfortunately the very nature of the finite difference approximation means 
that errors can never be entirely eliminated, and for this reason migration in 
wavenumber space is now being considered. There appear to be a number of encoura-
ing features with wavenumber migration and some preliminary results using this 
technique are discussed. 

One-way wave equations 

The starting point for wave migration is normally the scalar wave equation. 
In a co-ordinate system in which the shot and receiver are coincident (i.e. a 
CDP stack approximately), the velocity must be halved(6)^ so that in these co
ordinates the wave equation is: 



3^P _̂  3fp'^ A i i i (1) 
3x2 3̂ 2 c2 3t2 

where P(x,z,t) » preaaure ricorded at the hydiropheneo 
(x,z,t) » (horizontal, vertical, time) co-ordinate 

c(x,z) = sound wave speed. 

Following Claerbout(7) the one-way wave equation which govems the propaga
tion of waves along the direction of the z axis is (in the frequency domain): 

2^=1(44.4,* P (2) 
3z c2 3x2 

where m = angular frequency. 

The key to the success of various parabolic approximations to equation (2) 
lies in the accuracy to which the square root term S is approximated. Claerbout 
derives a set of approximations of various orders in Ref. 7. In Fig. 2 the second 
and third order approximations to the square root operation are shown. These are 
called the 15° and 45° approximations respectively. As can be seen the 45° 
approximation is a better approximation than the 15° approximation at all angles. 
Also shown is a different third order approximation which has been developed at 
Seismograph Service Limited. Here the emphasis is on achieving a closer fit at 
steeper angles, and, from about 40° dip and steeper, this approximation is better 
than the 45° approximation (with the effects of the ntmierical approximation in
cluded) . 

It is feasible to use fourth order or higher approximations to S, but there 
are a number of computational drawbacks arising from the fact that the resulting 
finite difference equations no longer have a straightforward tridiagonal form. 
This causes a progressive increase in the computational costs. Furthermore, 
errors introduced by the finite difference method can be more serious than those 
caused by the parabolic wave equation, so that,unless the finite difference method 
is abandoned in favour of other techniques, there seems to be little prospect of 
high order approximations achieving any noticeable improvement. 

In Fig. 3 we show a synthetic section (generated using ray tracing techniques) 
of a model with beds dipping between 0-50° in 10° steps. The geophone interval 
is 200 ft and the velocity 10,000 ft s ^ with a sampling interval of 4 ms. The 
pulse is a zero phase wavelet centred at 15 Hz. Figs. 4a-c represent the migrated 
results using the 15°, 45°, and our current approximation respectively with a 
depth interval of 40 ms used in the migration. The beds should all be aligned 
after migration and it is apparent that none of the methods work perfectly. All 
suffer from dispersion effects caused by the wave equation error and finite dif
ference approximation. However, it must be noted that the gains on the plots are 
unrealistically large, and these dispersion effects, although produced near steep 
beds on real data, are not usually quite so apparent. 

_ Returning now to equation (2), a 15° equation is derived, for later reference. 
Let c be a constant velocity then: 

32 ĉ  c 2a) 3x'̂ -̂  

5" 1 
,Tr2. ,c 2 32 

•zrCi + (̂  *(-)-,] P (3) 
c c 2(1) 3x^ 
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This may be placed in a retarded time frame by setting P = P' exp(i -=-), thus: 
c 

3z c c 2u) 3x2 -> 

Restoring (4) to the time domain and dropping the primes we obtain: 

32p 32p r 1 c" 32p 
= _ _ ( _ - ^ - — _ _ (5) 3t 3z 3t2 c2 c 4 3x2 

A special case of this arises if lateral velocity variations are insignifi
cant, in which case, neglecting transmission effects, the following equation can 
be derived: 

32p _ c(z) 32p ĝ̂  

3z 3t 4 3x2 

Finite difference approximation 

The application of the finite difference method to parabolic wave equations 
is fairly standard and has, for example, been discussed by Claerbout and Johnson^ •' 
However, one or two parameters are of interest and so a brief discussion of the 
equations will be given in this section. Let Pj Ĵ Q̂ be the value of P at the mesh 
point P(tj,xk,Zn). The following difference operators may be defined: 

DP =(P -P ) — (̂ —) 
X j,k,n j,k+l,n j»k,n Ax 3x 

n p — fp - 9 P -I-P '̂  •'• f..̂ . 3 "\ 
''xx^j.k.n ^j,k+l,n ^ J.k,n "̂  j , k - l , 'Ci\^Z ^^^^2^ 

and let: 

^̂ ĵ,k,n = iCa-e)Pj,,,,-ep.^,^^,^ 

*(^-«^ ^j.l.k.n^^ ̂ j+l,k,n+l^ 

Ao P. , = a P. , ̂ 1 + (l-2a) P. , + a P. , , ^ j,k,n j,k+l,n J,k,n J,k-l,n 

Equation (6) may be expressed in difference notation as: 

(̂ 2 D, ̂  - ̂  Dxx Al) Pj,k.n = 0 <7> 

.. ĵ For stability of equation (7) O^O^T- and 0.5^e$l. Values of a in the range 
Y^a^^ appear to be widely accepted. 

The parameter 6 is interesting in that its value determines whether or not 
the difference scheme is implicit or explicit. The migration results obtained in 
Fig. 4 were for 9=0.52 in all tjiree examples. By increasing 6 towards unity 
waves at large angles to the axis are successively attenuated with the high fre
quencies being first affected. In Fig. 5a-c and 45° approximation is used with 
values 6=1, 9=0.75, 9"0.6 respectively. It is clear that at 9=0.6 we have prac
tically eliminated the dispersion from the dipping planes yet still retained all 
beds up to 40° dip. Therefore it might be considered attractive to use an off-
centred difference scheme as a kind of dip filter to remove the precursors from 
steeply dipping planes. Unfortimately on real data the results are disappointing. 
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giving diffuse and blurred sections. Fig. 6a shows part of a stacked line before 
migration and Fig. 6b-c after migration using 9=0.6 and 0.5 respectively. 

Having selected a and 9 what are the possible choices of sampling step size 
which can be chosen to permit steeply dipping events to migrate accurately? The 
sampling interval in the x direction is fixed by the geophone interval and re
sampling to a coarser Ax will generally degrade the results totally(3). Similarly 
At, the time increment, would normally correspond to the actual recording sampling 
interval, but resampling to a coarser At can sometimes give tolerable results. In 
the z direction the choice of step size is less critical and varies widely in 
company practice, the accuracy is usually higher with a small Az. Step size in 
this direction is conventionally expressed not as Az, but AT, the two-way travel 
time corresponding to the depth step. In all cases an analysis of the errors aris
ing for a particular frequency, velocity, dip and migration equation can be used 
to assess the optimum difference scheme and increments necessary for acceptable 
results. 

Lateral velocity variation 

We have identified three main methods of including the effects of lateral 
velocity variation. Doubtless the list is incomplete and each company will have 
its own particular preference for inclusion of these effects. 

The first and most obvious method is to solve equation (5) directly by a 
finite difference procedure. The stability of the solution depends on the range 
of velocity departure from the frame velocity c" and on the recording parameters. 
For normal values there appear to be certain stability difficulties. An altema
tive solution suggested by various authors is to treat the effects of lateral 
velocity variation in two parts. The first part of equation (5) deals with dif
fraction and wave propagation effects, the other with a time shift associated 
with the velocity fluctuations. This method is unconditionally stable. 

The second method of treating lateral velocity variations is based on the 
deviation from a depth stratified model (equation (6)). It is founded upon the 
idea that.the wave migration method is simply a method for projecting the seismo
gram downwards. The section is migrated when all events have retumed to their 
point of origin. In one sense then, it is immaterial what migration velocity is 
chosen in each depth step, provided that the migration is continued to a depth 
sufficient to encompass all sources. For example, supposing a reflecting inter
face is located at a depth of 0000 ft. We could arrive at this depth either by 
migrating over 1 second with a velocity of 9000 ft s~^ or over 2 seconds using a 
migration velocity of 4500 ft s~^. This may be demonstrated more rigorously by 
considering what migration does to each Fourier component of the wavefield. 
Propagation through a depth z in a medivim with velocity c is achieved by multi-

plication of each component by exp{i —-z^d - (^) )^ ~ IJ ) using a retarded time 

frame^'\ If instead the migration uses a velocity ĉ  then the component is mul

tiplied by exp{i — zj [(1 -T^'' ) )* - l] } and is projected through a distance zj. 

In order to achieve the same migration results with the velocity ci, the phase in 
both expressions must be equal. Thus dropping third order terms in the expansion 
of the square root and equating coefficients gives: 

Zl = z — 

So, to second order accuracy, the results using the incorrect velocity in any 
depth interval may be corrected by adjusting the depth of migration in the ratio 
of the true/migration velocities. 



The third method is analogous in many ways to the second method but involves 
a conversion to a "depth" section. Thus instead of using the usual time shifted 
co-ordinate system(8): 

t' = t + -c 

a depth co-ordinate d is used defined by: 

Ca t 
d = -Ar- + 

t 
where ĉ  t = / c^^t '^^ I 

CQ is commonly referred to as the average velocity and ĉ t̂ ^^ the interval 
velocity. Provided that the interval velocity varies slowly as a fiinction of x 
and z several simplifications can be made to the equations and migration through 
depth layers proceeds in the normal manner. 

Of all the methods outlined only the first method makes no assumption about 
the velocity variation, but it is difficult to apply since the migration technique 
requires data in multiplexed format. The second method assumes that third order 
effects are negligible which is consistent with a 15° approximation, whilst the 
third method assumes definite bounds on velocity changes and introduces further 
inaccuracy due to resampling. However, since velocity control is normally only 
approximate, then probably any of the inexact methods could be used without intro
duction of serious error, and the choice will largely depend on individual company 
practice. 

In Fig. 7 is shown a depth model of two point scatterers located in regions 
with interval velocities of 5000 ft s~^ and IOOOO ft s"̂  respectively. Fig. 8a 
shows the time section with superimposed background noise of two types - random 
and partially organised. In Fig. 8b a migrated section using the second method is 
shpwn. Both point scatterers are now fairly clear, with the diffractions largely 
collapsed, and with the noise spread out over the wavefronts. 

Wavenumber migration 

The idea that migration may be carried out entirely in the frequency domain 
is not new. Maginnessv^) presented a scheme for reconstruction of wavefields at 
successive planes parallel to z=0 using surface recorded information. The pro
cedure he discussed may be applied in the following manner to seismic data: 

1. From P(x,t;0) form the Fourier transform 

P(k,tjj;0) = //p(x,t;0) exp[i(kx-u)t)] dx dt 

2. Modify the phase of each Fourier component by multiplication by the term 

exp[iA./ ^ . - k 2 ] 
*1 
ffl 

3. Form the inverse Fourier transform and obtain P(x,t;Az), the seismogram at a 
depth Az. • 

The migration procedure in the wavenumber domain thus follows exactly the 
same procedure as finite difference migration in that the seismogram is projected 
downwards a distance Az at each stage. To avoid circular convolution it is neces
sary to multiply components by an additional shifting term exp(- i2ti)Az/c) in pro
cess 2. 
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As presented above, this procedure is inefficient for migration purposes in 
that only one particular time is of interest at any given depth z - the one at 
which the upgoing waves were generated. A modification is thus desirable in 
which the projection downwards yields only the results at the required depths and 
times. Research on this method is incomplete but preliminary results for the mi
gration of the synthetic in Fig. 3 are shown in Fig. 9a. In Fig. 9b the same 
synthetic is migrated using Kirchoff simimation. It is clear that wavenumber 
migration suffers from none of the frequency dispersion of the finite difference 
method, nor the noise generated by the Kirchoff stnmnation method. Migration of 
the lowest bed is incomplete since some time section data for this bed appeared 
at times later than the 4 seconds used fof this migration. Although only limited 
experience has been gained using wavenumber migration, these early results are 
encoura,ging. 

Migration of real data 

Having devoted considerable time to synthetics some examples of migration 
with real data are now discussed. The first example is a section from the 
Yorkshire coastal area and includes a salt piercement dome which is typical of 
the area (Fig. 10a). The stack is a 48 fold stack and has been corrected for in
strument phase distortion. The migrated results are shown in Fig. 10b using finite 
difference migration with a depth interval Ax of 40 ms. Migration clearly im
proves the right-hand edge of the section where the overlapping beds are retumed 
to their correct locations, although in this particular case the 2-dimensional 
assumption is not sufficient. 

The next example is also North Sea data and shows a buried focus at about 
4 seconds on a 30 fold stack (Fig. 11a). Fig. lib shows the migrated section 
again using finite difference migration, , demonstrating the simplification 
in interpretation which can be achieved through migration. 

Conclusions 

The migration of seismic data may be achieved in either the time or wave-
number domain. Results using the finite difference method can be very good up to 
45° dip or steeper provided that a suitable choice of one-way wave equation and 
difference approximation is made. However dispersion errors from various sources 
can spoil results near steeply dipping beds. For precise migration at all dips, 
wavenumber migration offers possibly the ultimate in migration accuracy and repre
sents a very promising new development. 
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l̂iliJiJ'JU H.i.iiî iTii?[iii|T10.ii I iJiJlH 11 nil'' "MT^HnTP i'M|iiUJiliiLiMiiiiii"IIliniM'iiiii liiiiiMVii"iii|iiiiiiii"lT 

i i i i , i i i ' i i ' i|ii' I I I i i ' i i i 

4 ii l i ' i i i ' i i i 

iWmiiMI'liMiiphTiInijrijiMiir'nii'i^OiTPilJ111^TTli''ii' 11nli ' ii'iT'l 
Ji''Viilii.|il'i]i[Li!li!iiNlMiilif'''€ON 

II, i^ii'i ,11 iPiMidNJ^n 
. i|ii||i|i;-rpTrrTiTipi|i||Mi||l 

Jiiifflii i ^ p n v n'l iTT' i|ii'T^Tli',iiM,liWiii^i'ill|' I'lMiiiirTnmTjJiJiTiTiiOP'liiL iliAi^'''Vi'li|||'ii'JJ^iiViiT^|||il5liii 
Oii,ii..^i'.ii'i'ii|i;Tri,p.nii[i.io'iiii.i.' ' i i M i ' i^iiMiiiiiiiiigTTiTrT^irm'^ iNiTiTPnTM f̂fiiiP;iim iiirTini|i'7^i|ii'ii'iiii'i|' I'̂ i'i'n 
iiFii'iii'iii .vifi^i"" ,',ii„',i III llllill fill 111" ,i"iiii'ii|i"iiiii'i Illll' I iii Illll mill ll iiliiiiii'iiii iiiii"i^iiii ' i i P i i i i i ^ i ' THih 

(G) 15* (b) 45 ' (c)SSL 

FIG. 4. MIGRATION WITH VARIOUS PARABOLIC APPROXIMATIONS 
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FIG.5. VARIOUS 9 VALUES (SYNTHETIC DATA) 
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FIG.6. VARIOUS 9 VALUES (NORTH SEA DATA) 
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FIG.7. DEPTH MODEL LATERAL VELOCITY SYNTHETIC 
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FIG. 8. LATERAL VELOCITY SYNTHETIC 
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FIG. 9. MIGRATION OF SYNTHETIC 
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FIG. 10 (Q) 4 8 - F O L D STACK. NORTH SEA AREA 
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FIG. 10(b) WAVE EQUATION MIGRATED STACK 
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FIG. 11(a) BURIED FOCUS., 30-FOLD STACK NORTH SEA, 
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FIG, 11(b) WAVE EQUATION MIGRATED SECTION 


