Geothermal Gradient Map of the United States

: ‘ Exclusive of Alaska and Hawaii
: 1982
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Symbol Key and Distribution of Data

Geothermal Gradient (°C/km)

30-39 40-49 50-59 60-69 70-79

150-249

250-499

500-749

750-1499

The color of each data point represents a geothermal gradient for a drill
hole or a group of drill holes; the shape of the symbol represents the
depth of the drill hole(s).

The number in gray under each symbol in the boxes above indicates
the aggregate count of the points shown on the maps within a specific
depth and gradient range.
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DATA TABLE

EXPLANATION OF TABLE Heat Flow (1 HFU = 10 calcm=2 sec™! = 41.8 mWm~2): Number shown
is that reported in the literature. Where available, corrected heat flow
values are used. Where drill holes are averaged, the average heat flow is
; : shown.
Latm‘xde degrees mmgtes). Naith of eqt{atqr. — Thermal Conductivity (1 TCU = mcal cm~1 sec™! °C-1 = 0.418 Wm~!
Longitude (degrees, minutes): West of principal meridian. & - - ; -
: T ; oK-1): Number shown is that reported in the literature. Where drill holes
Depth (m): Logged depth and/or depth to which gradient is valid. s -
. 8 ; - : are averaged, no conductivity value is shown.
Gradient (1°C km~T = 18.2°F 100 ft-1): Weighted average of straight-line ¢ : :
i e ot it oft F R Reference Number(s): Keyed to reference list printed on the back of each
SEm e | rteaires ijolmperatire depin piatis map. Number before “W’’ (e.g., 3W) represents number of wells averaged

Well Number: Keyed to symbol on map.
State: State postal abbreviation.

of-dril hiole: for particular data point. Number before “BHT"" (e.g. T0BHT) represents
number of wells used when calculating a least-squares line through a plot
of BHT vs depth (see ““Methods Used to Calculate a Gradient”).
3 No. St. Lat. Long. Depth Grad. H.F. T.C. Ref. No. St. Lat. Long. Depth Grad. H.F. T.C. Ref.
= & MAINE NEW YORK
QO\F sz( Qbo 598 ME 44 39.60 70 43.10 160 230 1.48 6.45 187 1094 NY 44 5920 73 53.80 180 8.2 0.63 771 . 187
B8 - & 599 ME 44 24, 68 37. 350 156 144 935 67 168 1095 NY 44 35. 73 54, 330 159 122 794 67 168
S & QS &%\ & 600 ME 44 2280 70 3530 160 184 140 762 187 109 NY 44 20. 74 16, 360 1849 081 441 67 168
ot g &'}\(9 & 601 ME 44 1900 70 3560 150 201 187 1097 NY 44 1545 75 2455 632 1040 119 76 209 210 1TW
© & DY ® 602 ME 44 1550 70 4800 170 230 181 789 187 1008 NY 44 14, 73 28. 260 1797 07 451 67 168
ALABAMA 603 ME 44 1170 70 53.80 50 235 187 1099 NY 44 13 73 32 600 1833 081 455 67 168
604 ME 44 0970 70 5300 190 226 187 1100 NY 43 2020 73 2510 90 126 125 989 187
; Qt ;: ‘3‘;:43 x gg‘% gig ;g;i 04 ]2; St 605 ME 44 0760 70 5360 100 191 187 1101 NY 43 20. 73 33, 240 232 120 556 67 168
3 AL 34200487 5856 762 i8e o 606 ME 44 0760 70 4170 150 235 187 1102 NY 43 18 73 37, 265 96 105 11.04 67 168
e Al 55 "59‘; ”"87"'57’5 T 07'“ —‘“197 BT PR WAL Ly ™ (CN IO N E ) WAPIRED E8 e RO PR S) S 16 OO (194 e 903 NY A3 A 7828 878 2618118339 76209210
SR o e 608 ME 44 0660 [70 4340 230 190 157 825 187 1104 NY 43 05 79 00. 935 2970 116 76 209 210
: i : . . 609 ME 44 0470 70 3960 190 212 187 1105 NY 42 5242 76 4035 573 3178 100
R S0 BN W B ol 610 ME 44 03 70 37. 300 2285 180 813 67 168 1106 NY 42 5139 76 5055 725 2745 101 2w
L o o0l 66 M el 96, 197:20 ' 611 ME 44 0260 70 5600 180 237 187 1107 NY 42 48 78 51 1157 2803 120 76 209 210
E s 0n e sl 0 1l 17 oW 612 ME 44 0220 70 2630 210 181 147 813 187 1108 NY 42 4795 77 2775 427 2809 100
B 0 07 e 600 a3 oLl L aad 94 192 613 ME 44 0090 70 5740 120 248 236 952 187 1109 NY 42 4575 78 40.17 549 2607 100 101
e - e 0 B 002 lo8iiz 2y 614 ME 43 5900 70 1760 156 214 187 1110 NY 42 4388 78 3742 640 326 069 100
il e otn, 07 oiasn 106, 010700 080Gl 91 615 ME 43 5890 70 4500 160 179 187 1111 NY 42 3912 78 5582 686 2185 100 2W
12 ALT 32 979 o -86 0165, 10 07.06 ¢ 029 447 191 616 ME 43 39, 70 52. 1200 247 116 47 108 1112 NY 42 3782 79 0038 618 257 100
E it ;; ;2-15 gg 3(7)-3 ;25 ;2'34 8;: L 131 617 ME 43 7. 70 40. 150 188 108 58 108 1113 NY 42 35, 76 58, 684 2759 131 479 76 209 210
R e e - 114 NY 42 34. 76 57. 300 3754 179 479 76 209 210
- : : : : : g ICHIGAN 1115 NY 42 325 78 45 914 2507 100
16l @ 300 88 15 - 220 29. 095 374 192 618 Ml 47 24, 88 01, 274 170 099 518 67 168 1116 NY 42 2855 77 0515 533 34.80 197
ARKANSAS 619 Ml 47 15 88 27. 1673 186 501 14 16 102 117 NY 42 27. 78 38. 419 2438 119 76 209 210
7 AR e o e 620 MI 47 1119 88 2483 437 17.58 82 197 216 1118 NY 42 27. 74 265 365 1411 ‘ 76 209 210 2W
B AR e hs o S 621 Ml 47 040 88 377 1905 7. 82 96 197 216 119 NY 42 25. 78 00. 9%0 378 100
19 AR 35 5537 89 5432 420 19.93 o 622 MI 47 013 88 414 1505 15. 9% 197 216 120 NY 42 25. 76 54, 551 378 172 48 76 209.210 4W
20 AR 35 5068 90 4238 62 2133 199 623 Ml 46 445 89 34 678 17.8 67 168 2W 1121 NY 42 2005 78 1773 1207 3228 165 101
21 AR 35 3332 90 0377 430 186  1.39 199 205 2W 624 M 44 12, 85 11 416 2143 1 m 1122 NY 42 100 77 405 1219 32 9% 197
22 AR 34 5648 90 20.1C 500 2209 199 625 MI 44 031 85 054 500 115 190 953 52 1123 NY 42 0812 77 5232 1450 29.24 148 101
23 AR 34 4652 90 4597 180 19.99 199 626 Mt 43 50. 85 35 1000 160 12 m 1124 NY 42 0478 79 2122 1250 24.26 100
24 AR 34 42 92 15, 75 255 106 416 169 627 Mi 43 48 82 4. 770 732 08 11 1125 NY 42 0357 79 1847 1311 2336 100
25 AR 34 42 90 42. 320 238 % 213 317169 628 Ml 42 44, 86 00. 80C 667 09 11 1126 NY 42 0086 77 5698 1433 33.16 197
26 AR 34 3272 91 5527 337 3267 199 629 M 42 434 85 491 810 119 107 904 52 1127 NY 40 59. 73 0208 340 20. 101
27 AR 34 2893 90 3660 91 1376 199 630 MI 42 255 83 338 1360 129 139 1089 52 1128 NY 40 4395 72 5195 350 2193 101
S o N i e 631 ML 42 134 ‘83 270 152 856 0B4 109 124 155 OHIO
§2 :E Zx ;: gi (1); 23(5) j;:gs B lzg 3w MINNESOTA 1129 OH 41 0125 81 375 775 2694 137 79
e S s o o 632 MN 47 49. 91 43, 1235 989 0.87 467 66 168 1130 OH 39 335 81 264 564 16.89 1.36 79 182 183
32 AR 33 062 92 396 658 4080 9% 197 216 7W MISSOURI PENNSYLVANIA
DELAWARE 633 MO 39 O05. 94 10. 1186 1676 117 699 67 168 Bﬁi :: :: gg ;73 (5)(1). 122 ;ggg :;: :18
634 MO 38 09. 91 15. 610 1477 124 840 67 168 ! . : :
i:g gs ;‘j %:70 ;: ‘2‘;:(1’9 ?2‘(3) ;‘13-3 148 308 ;gg G MO T 39 o1 0 s 1967 i3 e 1325 PA 41 444 77 348 1981 30, 9% 197 216
Yo 5 636 MO 37 30. 90 40. 300 1621 124 775 67 168 1326 PA 41 359 78 499 2417 29 9% 197
637 MO 36 1163 89 3950 370 319 156 490 205 1327 PA 41 2387 79 4342 458 2263 184 625 138
345 DE 38 4671 75 3781 302 35 148 220 1328 PA 41 1398 79 3187 454 2253 20 769 138
346 DE 38 4458 75 2771 148 220 MISSISSIPPI ‘ 1329 PA 41 122 78 388 213 2813 © 131 486 76 209 210
347 DE 38 299 148 220 638 MS 34 4670 88 3408 164 1170 199 1330 PA 40 59. 80 08. 1524 288 120 110
/ - Se e 639 MS 34 374 89 582 340  19.94 1.01 510 191 1331 PA 40 344 755121 274 1066 088 823 76 209 210
R = 640 MS 34 125 90 3252 392 2462 199 1332 PA 40 217 75 495 300 1030 089 679 76 209 210
. } : 641 MS 33 582 188 255 762 1772 96 197 1333 PA 40 1659 79 1813 1829 29.94 9 197 216 217 3W
;‘;Z it ;g :;g‘; (1183 3.16 642 MS 33 565 90 4625 500 2397 133 486 191 1334 PA 40 1632 79 0442 1981 2683 216 217 197
e N 643 MS 33 4762 90 5130 280 1623 090 555 191 1335 PA 40 064 77 108 230 436 06 76 209 210
e Tk o 644 MS 33 4422 88 1852 533 1680 197 RHODE ISLAND
353 Bl 30 3500 3 aue oo L 720 AR ol UL i 60 i) 133 R 41 39, 71 6. 165.. - 91 v 055 Tien 108
sl ol e S 646 MS 33 2547 88 2388 306 1570 058 355 191
e o 647 MS 33 2452 90 4990 278 289 199 SOUTH CAROLINA
356 FL 30 23.92 067 648 MS 33 24, 91503, 114 2152 199 1337 SC 35 08 81 05. 196 1424 064 50 94
S e e 649 MS 33 0603 91 0233 111 17.21 199 1338 SC 34 4203 80 2785 205 12.83 58
358 FL 29 4553 82 2330 500 1204 037 3.1 peo s 2 o 0 e 2 g 199 1339 SC 34 3233 80 4485 404 1491 106 54 59
setiaaa el s S G 651 MS 32 2700 88 4680 240 240 199 1340 SC 34 1880 81 0870 572 1818 147 806 54 59
il e e e b e 652 MS 32 22. 90 12. 249 37.69 199 3W 1341 SC 34 10. 81 02. 245 1673 109 649 94
E m o e 653 MS 32 2175 89 3008 380 2467 092 377 191 1342 SC 33 5518 82 0717 289 1763 162 918 54 59
e ERAg e e e el el e el 654 MS 32 2037 88 3653 229 1210 199 1343 SC 33 55 81 10. 170 1353 111 823 94
i e deiten i e el 655 MS 32 181 90 118 610 45. 9% 197 1344 SC 33 5255 78 3910 102 118 53
i B i E i g i we w 656 MS 32 065 90 3750 340 3924 148 191 1345 SC 33 5092 78 4238 102 314 53
gl el o fon e e e S 657 MS 32 0623 90 0412 400 36.13 199 1346 SC 33 50. 79 05. 130 2039 102 50 94
b e s 658 MS 32 0267 89 1613 158 3254 199 1347 SC 33 4275 79 0165 172 279 53
el o kems o maga 659 MS 31 2787 91 2037 260 2796 142 507 191 1348 SC 33 2630 81 1690 347 2132 168 7.86 150 152
. ! : : : 660 MS 31 0158 89 0952 220 2008 106 506 191 1349 SC 33 25, 79 55. 170 2531 127 50 94
GEORGIA NORTH CAROLINA 1350 SC 33 2288 79 1350 153 353 53
368 GA 34 35, 84 21 370 1594 100 629 94 190 135108C 33 21830 79 10081 | 189 [ 333 53
Loy e il 5 L o s w0 689 NC 36 3172 76 5253 346 2353 156 63 150 1352 SC 33 17 81 40, 592 1546 106 615 75210 3W
e o oii i o e oo 690 NC 36 2583 76 2242 400 245 53 1353 SC 32 52 80 22. 600 2881 123 426 94
ot A W e oo . 691 NC 36 2565 78 5370 195 1031 086 832 56 152 1354 SC 132485 79 551 . 670 " 2069 107 224
Gstd wmge e e 692 NC 36 2552 79 0188 209 1114 098 877 56 152 1355 SC 32 1523 80 4225 157 255 53
o moen b s o o 693 NC 36 2320 78 5800 247 1076 098 911 56 152 TENNESSEE
: : . 4 : 694 NC 36 1967 78 5000 209 1199 096 803 56 152
374 GA 33 14. 84 17. 2130 17.22 197 1361 TN 36 05. 83 39. 550: 1061 10.83 81
375 GA 32 5631 | 82 3786 2100 . 15 139 3w BEENC 6 1959 176 Diod 3080 o 1362 TN 35 5466 84 1894 785 1191 072 631 72 210
696 NG 36" 116:81.7776 “11258 313 31, 148 i : : :
376 GA 32 43. 83 15. 300 1553 092 590 94 190 e e e 35 i 1363 TN 35 34, 84 29. 100 1016 101 986 81
377 GA 32 3302 .83 2663 364 158 139 698 NC 36 09'90 % 56AZ7 A6 : - o3 1364 TN 35 2243 - 89 3302 30 2710 199
378 GA 32 0812 81 1245 250 316 121 : : ‘ 1365 TN 35 1465 89 5738 161 1070 199
699 NC 36 0907 76 0792 180 294 53
379 GA 31 37.09 81 5458 177 195 139 1366 TN 35 11.08 89 5148 251 1292 199
e e . . i o 700 NC 36 0425 78 0725 210 193 145 753 151 el S e e T
701 NC 36 0217 77 4523 127 1996 142 7.43 56 152 - : i
381 GA 31 3554 84 2056 204 202 139 1368 TN 35 0697 89 5607 380 2052 199
702 NC 36 O1. 80 25. 140 702 031 445 81192
382 GA 31 32 81 43, 1328 293 57 128 1369 TN 35 0025 84 2333 290 1044 069 657 188
W oA 0 e B . 703 NC 35 5708 78 1988 192 1535 115 151 2W
384 GA 31 2572 84 5785 168 1966 064 471 191 S0 oc ool S Ry e (e e VIRGINIA
o S A s 705 NC 35 5128 78 2890 210 170 118" 593 151 1477 VA 38 14 5 9. e e A
386 GA 31 0824 83 2608 265 266 139 706 NC 35 4747 78 2507 205 188 129 151 1478 VA 38 0224 77 5361 350 1669 090 539 151
387 GA 31 082 81 3257 5600 21.1. 092 150 gl m (s 2 1479 VA 37 5857 75 305 305 323 60
388 GA 31 08, e e e 708 NC 35 4240 80 0232 630 13.58 59 1480 VA 37 5752 75 3564 314 41, 1.84 148
389 GA 30 5263 B84 1288 148 293 o 79IENC 358 910 S 700 0B b 115,89 - 0B e IBI) 1487 VA (37 5660 75 2727 187 434 -« 187 - 435 150
B wmAh e s 710 NC 35 40. 75 45, 600 3568 164 459 81 192 1482 VA 37 5606 75 3060 302 35 .
711 NC 35 38 82 10. 219 1704 084 492 81 192 T e e =
IOWA Ao g i 0h g 1484 VA 37 5453 75 3427 301 312 60
391 1A 43 10. 95 11 660 830 044 529 67 168 v e el e s i e e D 1485 VA 37 5433 79 5397 307 93 116 1240 149
392 1A 42 383 94 012 645 109 092 845 52 e 5 1z W80 o3 20 e 0 bl B 1486 VA 37 5302 76 1509 154 5242 155 299 150
393 A 42 376 94 032 710 108 093 847 52 ;12 :2 sud e wle e 148 1487 VA 37 5297 75 2598 262 35, 60
394 {A 41 415 94 104 585 220 46 5255 5 0515 76 010 2 end o3 1488 VA 37 5250 75 300 462 448 60
305114 41 396 94097 365 a3 - 117 8o o2 77 NC 34 547 76 533 308 22 148 1489 VA 37 4593 78 0562 202 1327 085 637 59
3% 1A 41 337 94 062 675 134 117 874 52 718 NC 34 463 76 387 302 25 148 1490 VA 37 4518 77 3303 201 1837 140 762 151
397 1A 41 232 91 549 365 18 149 831 52 ;;g :g ;: ;:‘;g 771900 595 1880 123 150 1491 VA 37 4253 75 4285 175 317 156 490 150
398 IA 41 216 91 545 355 177 149 834 52 e ;g 24-83 Ll = 1492 VA 37 4142 78 0887 204 1346 59
399 1A 41 123 91 196 255 189 147 775 52 o K L 2‘7’20 ﬁ ;1-07 152 52 1493 VA 37 4002 77 4810 208 15.18 59
ILLINOIS 723 NC 34 2508 78 3608 150 253 53 1:2: x: ;; i379 ?g ;23 ﬁ'” i lig 2w
500 IL 42 262 8% 515 1600 225 18 79 153 724 NC 34 120 77 5340 380 29. 148 149 VA 37 12 82 Se6. 97 i S
501 IL 41 012 88 537 765 122 141 1158 50 52 = 725 NC 34 07. 78 20. 200 2837 164 577 81192 1497 VA 37 1155 76 350 2286 ' ol
502 IL 40 486 87 536 1065 116 142 1225 50 52 ; 72BENC S TNsa00. pTSEI e s S el 150 e e 1498 VA 37 0573 77 SRR SO W R e
503 IL 40 453 87 473 1040 161 144 887 5052 NEW HAMPSHIRE 1499 VA 37 0553 76 07 40, - 145
504 IL 39 220 87 56.6 610  20. 96 197 7 1500 VA 37 03.98 76 305 - 42 124 148
o S S 57w 4 NH 44 56. 71 32 150 118 099 84 108 el e . Sk o
775 NH 44 4010 71 3380 160 158 187 : - s a3V,
506 1L 39 04. 87 45. 305 3654 197 3W 1502 VA 36 5740 76 173 466 156 335 150
776 NH 44 38 71 20, 80 144 09 67 108
507 IL 38 399 87 440 549 3178 197 216 3W 1503 VA 36 5451 76 332 <1218 . 119 547 150
777 NH- 44 3460° ¥1 11100 155 174 = 137 789 A8y
INDIANA 778 NH 44 20, 71 49, . 125 158 100 .56 108 1204 VA e o0 Ti6 A e 150
508 N 41230 86 140 150 1401 12R 9ipiis) 779 NH 44 1480 71 4410 210 166 150 906 187 DOaval it 152 7z o0 B0 Ae g 200
509 IN 40 585 84 521 420 87 097 1118 52 780 NH 44 1. 71 12 105 260 149 50 108 1506 el aoiol00e 70 30743 134 148
510 IN 40 551 86 271 1050 154 139 899 52 781 NH 44 1040 71 4160 90 184 187 D07 ih s T 20 187 Sdle) =)
511 IN 40 534 86 28. 420 177 140 52 2W 782 NH 44 0925 71 108 260 254 165 187 2W Egg x: ;2 :2'09 gg ggz 3389 e :ig
LOUISIANA ;gz z: j: gg(;g ;: (1)‘7‘38 1:(5) ;3"2‘ ;:4 g'gz 167 1510 VA 36 4700 76 2450 277 . 332 166
527 LA 33 0003 92 4498 230 2494 150 602 191 N e B e 1'72 i :g; - 1511 VA 36 3862 76 2030 250 35.15 61
528 LA 32 508 94 006 686 4134 9% 197 216 2W e A b E 1M e 1512 VA 36 3638 76 0043 307 34 148
529 LA 32 4992 92 0867 236 3216 208 646 191 : ; = : :
Sl D n e mm e e 787 NH 44 05. 71 11 240 235 180 67 87 168 187 3W VERMONT
PR s Ll o e 788 NH 44 02. 71 29, 305 2711 227 885 67 168 1513 VT 44 5370 72 1475 185 9.3 187 2W
e s e e 789 NH 44 01 71 0. 915 29. 19 113 1514 VT 44 5320 73 0510 70 09 187
el e e e 790 NH 44 0000 72 0570 215 99 098 990 187 1515 VT 44 5180 71 5890 190 145 105 7.27 187
el Bsel e o b b 791 NH 43 5970 71 4110 85 248 187 1516 VT 44 3600 71 5610 155 131 133 1012 187
535 LA 32 4381 91 5317 260 3527 172 191 - u § W a0 B U A g VT iS008 U0 0000 | 0 o 187
P el THRER 793 NH 43 5790 71 3150 127 215 200 929 187 15180 VT 442780 72 °5910 120 57050 878 187
El o R 794 NH 43 5670 71 0920 260 266 180 187 3W 1519 VT 44 2600 73 0400 180 127 112 884 187
L L 795 NH 43 5650 71 0260 120 216 185 856 187 1520 VT 44 2400 73 0000 105 83 078 935 187
s e . = 79 NH 43 56. 7132 320 2989 215 848 67 168 1521 VT 44 2340 72 5530 80 07 008 1074 187
o, o 797 NH 43 5530 71 0220 230 211 160 760 187 1522 VT 44 1980 73 1500 190 127 077 607 187
e B - e NI 798 NH 43 5480 71 1370 160 200 155 777 187 1523 VT 44 1980 72 1670 158 17.1 146 850 187
e e e s & i 799 NH 43 5320 71 1150 260 207 152 738 187 1524 VI 44 1800 72 0700 200 158 089 565 187
e e L 800 NH 43 5280 71 1440 180 204 189 925 187 1525 VI 44 1330 72 f100. 200 (136 | 11380899 - 187
S o moi e s o 801 NH 43 5230 71 3750 100 183 174 951 187 1526 VT 44 1270 72 2380 160 15.4 187
L e W 802 NH 43 5140 71 3590 210 142 127 127 187 2W 1507 Vi 440 12,000 173 400 3200145 " 1.180 8.8 187
546 LA 31 367 93 292 762 3833 9106 SW 803 NH 43 4800 71 0465 150 21.2 187 2W 1528 VT 44 1090 73 1510 160 102 071 694 187
A Rl A i 804 NH 43 47. 71 28. 190 202 108 53 168 1529 VT 44 1010 72 3000 130 61 046 7.55 187
S e s 805 NH 43 44, 71 26. 260 212 121 108 2W 1530 VT 44 0860 72 5000 240 96 008 079 187
Sl et Hima e 806 NH 43 4200 70 5920 100 221 173 7.83 187 1531 VT 44 0270 72 1800 120 106 187
i i Boa o e G 807 NH 43 42, 7122 1200 207 08« 500 ioB 1532 VT 43 5900 72 3300 140 156 187
pinier, @ i o e 5 808 NH 43 41. P21, 50 iB6 - 127 68 o8 1533 VT 43 5830 73 11.00 120 69 059 857 187
s wodses  EBiit o e 809 NH 43 3980 71 1670 220 228 202 885 187 1534 VI 43 4980 72 14500 210, 75 . 0400 527 187
S A w s e B e 810 NH 43 39. 72 04. 55 134 . 16 89 108 1535 VT 43 4850, 73 0500 280 B8 . 111 1260 187
e e o 811 NH 43 39. 7132 15 242 1202 50 o8 1536 VT 43 4300 72 1850 173 148 135 911 187
e G ol il 812 NH 43 38, 7131 220 “217 140 64 108 1537 VT 43 4250 73 0150 60 125 150 1196 187
e iA w ol el 5 813 NH 43 36. D 20 85 129 076 59 108 1538 VT 43 4000 72 5220 130 55 065 1177 187
Ay e T 814 NH 43 36 b 2 150 296 173 59 108 1539 VI 43 3980 72 3200 210 132 108 820 187
e o i i 815 NH 43 3450 72 0220 120 154 136 882 187 1540 VT 43 3900 72 2050 200 115 106 920 187
e b e e e 816 NH 43 32, 7 2. 85 152 107 70 108 1541 VT 43 3800 72 2660 150 169 189 1118 187
Yo o e e 5 B 817 NH 43 2930 72 0800 140 237 175 736 187 1542 VI 43 3340 73 0300 212 106 102 962 187
B o S i 5 818 NH 43 29. 72 05 220 195 - 129" b6s 08 1543 VT 43 3280 72 32 250 138 "148 4073 187
562 LA 30 132 93 21 5486 3276 9 17BHT 819 NH 43 29 71 16. 200 257 157 61 108 1544 VT 43 3200 72 44.00 60 7:5 0.72 962 187
L e e Al 820 NH 43 27. 71 44 160 200 092" 46 oa 1545 VT 43 3150 73 1360 250 154 130 842 187
i o e e 5 821 NH 43 23. 71 21 95 126 - 102 81 108 1546 VT 43 2870 73 1400 180 135 187
BEe s s o 822 NH 43 218 72 0935 180 185 149 807 187 2W {547 VI 43 2600 72 3110 60 222 211 949 187
566 LA 29 57. 91 438 6400 2803 9 SOBHT 823 NH 43 17. 72 09. 80 187 117 - 6.2 108 1548 VT 43 2460 72 25.00 ‘150 8.6 085 990 187
INTRODUCTION MAP FORMAT METHODS USED TO CALCULATE A GRADIENT AVERAGING GRADIENTS ‘ ACKNOWLEDGEMENTS REFERENCES CITED S e S 824 NH 43 6. 71 59. 260 2296 159 7.09 67 168 1540 VT 43 2380 72 4330 126 139 075 538 187
. x : e ; : ‘ ; - i 825 NH 43 1340 72 2600 100 153 1550 VT 43 2080 73 1090 250 86 086 1001 187
This map presents gradients from wells logged deeper than 50 m that have This map displays 1698 data points, each representing a well or group of 1. Gradients were calculated from measurements taken below the shallow Several wells may be logged for temperatufe in a limited area for one of This map is the product of the efforts of many people. Grant Heiken conceived American Association of Petroleum Geologists and U.S. Geological Survey, ?Zg t: ;Z ;2-6 Z; 83-4 2‘7‘3‘; g‘;g} Z ggg:} 826 NH 43 12. 71 32, 320 2050 173 855 2;37163 5TV 43 17 72 49, 430 190 122 633 67 168
attained thermal equilibrium and have nearly linear temperature vs depth wells. The data are coded by symbol, which reflects the depth of the temperature inversion. two reasons. The area may be favorable for geothermal exploration due to the idea of a geothermal gradient map of the United States. His continued sup- Geothermal gradient map of North America, scale 1:5,000,000, 1976. eSS e o . 827 NH 43 09. 71 41, 100 150 192 75 108 1552 VT 43 15, 72 50. 240 223 123 592 67 168
profiles. It is an update of Kron and Heiken (1980a; see also Kron and Heiken measurement, and by color, which reflects the gradient. Each well is 2. When temperature vs depth measurements were available for a well, the' indications of abnormal heat in the subsurface. Alternatively, exploration for port and guidance helped transform the idea into reality. David Gambill’s Bebout, D., Louisiana Geological Survey, Baton Rouge, Louisiana, personal i R s G AT gig :: 4; 87. 7(2) 00 155 204 147 72 108 Egj ://I :; 1:.(;8 ;g (5):% 1;(5) 152;_; (1),(2)5 13‘82 12;
1980b). numbered and keyed to a table showing latitude, longitude, well depth, gra- data were plotted using a computer program that calculated a least- oil and gas led investigators to measure the femperature of wells in an oil tireless hours of computer programming were essential for compiling, manip- communication, 1981. 572 LA 29 42 91 30. 6400 27.30 9 36BHT 2 N 23 0;‘50 ;2 22'80 33(5) z;g :gg g’;i ?;/;7168 1555 VT 43 1000 72 2750 150 174 184 1058 187
A geothermal gradient is the rate at which temperatures in the earth dient, heat flow (where available), thermal conductivity (where available), squares fit for a line passing through the data points. If abrupt changes in field in an attempt to correlate temperature gradient with geologic structure ulating, and storing the large quantities of data. Penny Fearon assisted in the Biggane, J.H., The low temperature geothermal resource of the Yakima g;j t: ;2 ;Z- zg ig- gigz g;é 3;‘233:1 831 NH 43 0300 71 4200 270 183 150 817 187 1556 VT 43 0630 73 1310 110 130 127 976 187
change with depth. The average gradient to a certain depth can be estimated and a reference. Data for states in the western U.S. are printed on‘the slope occurred, a least-squares. fit for each straight-line segment was (See Spicer, 1964 ). computer compilation. A generous exchange of ideas and information with region—A preliminary report, State of Washington Dept. of Natural L Sttt i 832 NH 43 03. 71 51 1200 257 159 62 &8 1557 VI 43 0490 73 0940 91 52 055 1055 187
by calculating the slope of a line connecting the bottom-hole temperature western map; similarly, data for the eastern U.S. are found on the eastern calculated. The final gradient for the well is a weighted average of the Temperature gradients from geothermal areds often exhibit a wide range of Marianne Guffanti and Manuel Nathenson provided the basis for many impor- Resources Open File Report 81-7, 30 p., 1981. = T ggi m :33* 8(‘)- ;1 32- 28(5) 206 164 80 108 : lgzg :’; :2 g;-;g ;g ig-?g ;2(1) ;82 i';g g'g 12;
(BHT) in a drill hole and the mean annual surface temperature (e.g., sheet. A complete list of references is printed on the reverse side of each straight-line segments. values, representing areas of recharge and discharge of geothermal fluids. tant decisions regarding the general nature of this map. Many people responded Guffanti, M. and M. Nathenson, Preliminary map of temperature gradients in s - S; CH:JGSO TT7387 : o n i e 7; :2'10 }40 1;‘2 094 68 123 e s e el 132 . 08 671 a8
American Association of Petroleum Geologists and U.S. Geological Survey, map. 3. In some publications, only temperature/depth profiles were presented for When highly contrasting values occurred ov:er a closely spaced area, the to requests for data; where appropriate, they are cited in the list of references the conterminous United States, Geothermal Resources Council Trans., v. =L N S e ;2:7 ::27 ~2:2; 27 168 836 NH 42 56 71 32 360 236 180 187 2W 1561 VT 42 5560 72 5030 170 144 088 612 187
1976). A more accurate method for determining a gradient is to fit a line drill holes. In order to determine a gradient using this type of data, a various anomalous gradients were averaged. In the oil fields, gradients from on the back of this map. Because of certain limitations, we were unable to use 4, pp. 53-56, 1980. 578 MA 42 23 71 07 260 135 120 901 67 168 837 NH 42 5280 72 2830 155 189 194 1029 187 1562 VT 42 5330 73 1320 210 75 187
through a series of temperature measurements plotted against depth (e.g., CRITERIA USED FOR SELECTING GRADIENTS straight line (or straight-line segments) was visually drawn through the nearby wells usually did not vary significantly. In this case some (but not information provided by other respondents. We would like to thank the fol- Kron, A. and G. Heiken, Geothermal gradient map of the conterminous 579 MA 41 53 71 08 2900 133 - 122 97 108 ggg z: :; 21 ;} ;; Zgg ;g-: 13; 108 2w WEST VIRGINIA
Kron and Heiken, 1980a, b; Guffanti and Nathenson, 1980; and this map). A 1 Dl bkt pkt be lenssil decbel 1l 0k plot and the slope of the line(s) was calculated. necessarily all) of the gradients in a field wereaveraged. Usually, the deeper lowing people for their reviews of the text: W.S. Baldridge, D. Blackwell, United States, scale 1:5,000,000, Los Alamos National Laboratory :g? m: :1 :g' ;(1) ?; 38(5) B?ﬁ 1':(; ;'gﬁ (1)(7)3168 840 NH 42 50. 71 3. 130209 19 22 1% 16450 W0 1002, - 180 19 360 & 2572 9 97 197 216
plot of temperature vs depth provides information on the mode of heat 2' o erature/lcjie i rgogfiles shguld e m‘inimum boeholinie Hictin: 4. In Louisiana abundant deep, BHT data are available from oil and gas wells with the straightest temperature/depth profiles were chosen. If a well in G. Heiken, J. Hunter, M. Guffanti, D. Krier, M. Nathenson, G. Ponder, D. Potter, Report LA-8476-MAP, 1980a. : c : - 841 NH 42 4920 71 4600 364 225 185 819 187 1646 WV 39 40. 79 59. 342 90 112 124 7176 209 210
transfer in the vicinity of a drill hole. A linear profile often indicates conductive i bincF:?S' - thepsh(?uld e o 1 cgnsist gf e wells. When BHT’s and depths for many wells in a region are plotted on any region was significantly deeper than other‘k nearby, the gradient from the J. Sass, M. Smith and A. Waters. Kron, A. and G. Heiken, Geothermal gradient map of the conterminous MARYLAND 842 NH 42 47. 72 08. 300 2141 163 769 67 168 ;2:; a\\; ;2 ;2-33 gg ;‘;08 983 :g-;‘ 137 216
heat transfer. Using temperature measurements from drill holes logged deeper e se,n%e.r,\ts wyhich reflestpchan . thegthermal cor o ofgthe the same graph, a least-squares line through the data points approximates deep well was listed rather than an average df the others. United States, Geothermal Resources Council Trans., v. 4, pp. 69-72, 582 MD 39 1925 76 4627 288 1556 119 765 151 gﬁ E: :‘é 32-00 ;i §f1>70 1;‘; }g; ﬁg ;.25 13; i 9 02‘;5 2;’12 e ;671;;6216
than 600 m, Guffanti and Nathenson (1980) mapped the regional distribution el 8 8 i the average temperature gradient in the area (Bebout 1981, personal The location presented in the table for wets averaged in a region is the 1980b. zgi mg ;Z (2)2'04 Z 8(3)'57 12;2 ;?'13 11; - :is 845 NH 42 44, 71 36 125 156 122 108 2W 1650 W\ 139 . 25, 80 050 2135 3350 120 110
of geothermal gradients across the U.S. that can be expected to exist in a con- 3 ch.' n;(s Rilist ba bocibve Bolou e il e thbreion avsed b communication). In Washington, Biggane (1981) found that a least- center point of that region. The depth shown is that of the deepest well. The Spicer, H.C., A compilation of deep Earth temperature data: USA 1910- S AD 23j96 75 3449 318 30, e o 1651 WV 39 202 80 127 2134 2875 9 197 216
ductive thermal regime to a depth of two kilometers. Without knowledge of : ser:soI:al T 5 P Y squares line passing through BHT's provides the best representation of number of wells averaged is listed after the Leference number (e.g. “5W"’ 1945, U.S. Geological Survey Open File Report 64-147, 1964. 586 MD 38 2343 75 4140 318 36 148 : NEW JERSEY :?Ei VWV:// gz 12-5 gg 1‘5‘-7 i;;? ;g;g Bg ;;0110 W
s : i ; e . - o : . ; 46 N| 41 06 74 35 1535 1260 : - : -
the therma.l COHdl{CFI\{Ity of the roc'ks nor an understfindlng of the regional 4 I wages wehere teoiie il ieldenth fiolis o1 hial e menioals wrere t:e average Eradlelnt in tl;e'e Yakm;a reﬁlon. Exceptdfor a l(?ca(ljlty in Tex2§, means five wells were averaged for a particular data point). gg; mg ;g 5(2):1;5 ;f; 233 ‘3‘22 ;2:7 o 1:2 - N: o e i ol ;?7 209 210 216 4W ST e e Bl
hydrology in the vicinity of each drill hole, these gradients should not be ex- FOE Tisted if a sube it Ihe orfeiind wbesind o sually praadiel qual these are the only gradients that have been determined using this 3 . s b me e R U e 848 N 40 1881 74 0302 307 26 = 1655 WV 39 1408 81 1670 1067 28.00 197
trapolated below the depth of actual measurement nor assumed to represent L : : : method. The location of such a measurement on the map is the approxi- . 37. 849 NJ 40 1338 74 0193 238 3586 61 oo Wy 88 ot s 90 197 216
i 2 P ity rating or confidence level for the data. The gradients listed for heat flow ‘ 590 MD 38 1873 75 5310 300 7] ol 1657 WV 38 4666 81 0164
a regional value. . ; . mate center of the group of wells (for Louisiana, the data are grouped by ‘ 591 MD 38 1861 75 07.07 303 30. 148 850 NJ 40 07.26 74 0225 2% 36. 61 . 164 991 2144 197 216
: i . i measurements were used if the error for these values was less than 20%. : e i 148 851 NJ 39 5044 74 1087 279 30, 61 1650 Wy 38084 S 80000 31T 2204 99
Sources for the data presented on this map include journal publications, parish). | 105 75 34,
fil t d limited unpublished information. Temperature data for ‘ SEed s Ul o £ s B an i -
open tile reports, and limitea unpu . p | 594 MD 38 04.89 75 4353 34 4D 148 853 Nj= 392276 74 27.24 294 30 61
wells in these reports are presented in a variety of formats: single gradient ; 505 MD 38 0212 75 4028 316 42, 148 854 NJ 39 1835 74 3213 220 341 61
values listed in a table, plots of temperature vs depth, lists of temperatures at " 59 MD 38 0095 75 49.57 1279 34 169 62 855 NJ 39 0003 74 5416 294 26 61
specific depths, and/or continuous temperature logs. The following sections 3 597 MD 37 597 76 0206 245 41 63
~ describe the methods used to evaluate the various data sets and derive the ‘
radients shown on this map.
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