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*NORMALS BY CLIMATOLOGICAL DIVISIONS
Taken from "Climatography of the United States No. 81.4, Decennial Census of U, S. Climate"

N ‘ L .

. 4 L/20MN A TEMPERATURE (°F) PRECIPITATION (In.)
STATIAONS‘ Year Jan, Fob, Mar, Ape. May June July Avg. Sept. Oar, Nov. Dec Annval Jan, Fob. Mar. Apr. Mo June July Aug, Sept, Oar, Nov, Dec, Annved
(By Divisicns) - - - - - "’ 4 d d

NRORTHWEST

WOUNT TRUMBULL . . . . . . . . . . . . B «98[ 1,06 3.06] 73 .33 .e0] 1.90] 2.06] 1.08| 1.03] 77) 1.08f 12.30

+ TRUXTON CANYOM . . . . N . . . . . . . . 298] 1,26 08 66 260 J17] 1.37] 1.96] 1,33 7S] Ls0f 3e17) 1131

My . - . B . . N . . « . . . taas) Lastl weal wsil oaerl L7 L.a3l L.70] .eof <631 .87 1423 los20
pIviston ' 1,9 45.0] 50.8| 39.0] 66.8] YS.T] 82.2] T9.9| Yack| 6402} 30.87 883{ 6103 | 1,01 1.29) 96| 85| L2301 G171 L9 1.63]| 1.10] 4T} oSe] 1.27] 10.%4

NORTHEAST

ALPINE . . . . . . « . 1.60] 1.38] 1,280 78] .34 .80

CIBECVE . . . . . . . . 1.67) 1.69) 1.68) o94] LAl .9

FLAGSTAFF w8 AlRPORT 21.3] 29.6( 35.6( 4303 A7.00 3641} 30.81 a%.8 [ 3.83] 1.78| 3.63] 2o18] G8L| Lev

FORT YALLEY 24,9 27.2] 32.9) 40,8 4.9 34,10 28.2| 3.0 | 2,32] 2.27] .92 14527 8% LT

GANADD 21,3] 22.6] 38.6] 87,0 51.0{ 37.3f 29.8] a8.7 el o.s2] Lref om] usi .se

MOLBROOK 33,8 30.0) as.7] 34,3 37,1/ 2.6 da.8| 33.2 7] o38] .es]| aas| 28] .33

. PETAIFIED FOREST NP 33.4] 38.9] «s.0] 53.3 37.0| a2.8| 3%.1{ %4.8 | .53l .s6] 53 o351 .30 o3e

PINEDAL . . . . . . . . 1931 tode] tooa] w91} Laal o9s

SA{NT JOMNS 32.0 36.9| 43.2{ 31.9 S48l 4091 33.8) SZee | o9 70| .78 o851 .82 .0

SNOWFLAKE . . . . . . . . <861 82] .60 <83 e8| a9

SPRIKGEAVILLE . . . . . . . 78] o33] .62] 3] La2| a8

TUBA CITY . . . . . . o301 a7 a9 .39 Ll L2

WILLIANS 31.0) 33.21 2 S1e0]| 4004 38,4 49.2 | 1.89] 2.15f 1.0%] 130| J66| o34

WINSLOW W8 AIRPORT 31.0| 37.8] as.e ST.4] Ale3| 32,5 5.7 o3 La8l L39] aas] 32! 26
pIVISION 31,61 395.7) ala? 33.4] 40.7| 33,9 sl.s | 1.21) 1.23) t.02] .82 .s0] a7

MORTH CENTRAL

ASH FORK 36,11 39431 a8l 52,0 59,4] 6041 | Tae3} T248| 67011 36061 a3.2] 30,8 545 | 1 ,07| 1415 W9T[ 87| L3S LAT] 1.6 2.52) LeaZ| o851 457 1e18) 12,99
CHILOS a5.11 #8.9] S4.0] 62.3] To,1] 78.%] 8a.s]l 32.3] TTu0| 66.6] S4.2] aTes| 6403 | 3 g6l t.oel 1,380 osl L3301 .53 1.vel 2,941 1.asi 1i20) 1.0el L.93] 17032
CORDES . . . . f B . . . . . . o« | ae2s| 1.82) Lol .6z L2s) o3 152 2.21] d.2i] Le3] L7a] 1.e1] 32,03
. CROWN KING . . . . . . . . . . . . o | 2.92] 2.8 z.1a] 1.25) .a8] .s0] 3.2¢| 4.73| 2.81] 1.5e] 1.43] 3.035) 23,96
ORAKE RS . . . . . . . . . . . . o ] 2.23) 1.e9] Les| c88] L37| La1| teds| Zeatf 2.s0 80| .e7) 1.37) 13T
ouGas 2 SE . . . . . . . 1.52{ 1.96] 1.32] +91] .26] .40 1,907 3.27] 1307 2.21| .93 3.75] 16,82 '
JEROME s1.2| 82.4] a9a1 62451 30.9| saazl 9.7 | [iee] 1.77] 2.36] 1413 Les]  Las] 2,29 Al .95 ]
PRESCOTT FAA AP 3T,1) 39.6( 43,5 5706 4%.7| 3931 33,7 | y.01] 1.08] LTI .89 24| 22| 2,00 +50 0
SELIGHAN . . . . . . . W99 1.00] .68[ <981 24| .e0f 1.36 Y .
WALNUT CREEK . . . . . . . . . . . . . 1,561 J.630 1.1a] oTof .32 e8| 2.3 »68) 1.54
wALMUY GROVE . . . . P . . . . . . . . 1.62] 1.96] 1425 80 25 233| 1.90] 3.30) 1.37 9 «83) 177
0IVISION 40.1] 43,2] 8.4 95.8] 63.8) TR.L]| TR.3| T6.2] Tled| 6046| 45.0] 42.0 LLITY 1.43F 1.61) 1430 8 32 o39] 1.86] 2.89| 1.31 .92 278} 1,481 14,78

€AST CENTRAL

GISELA . . . . . . . . . . . . . to90] 1.73) 1,02 05 29| .ee) i.80] 2.88] 1.67 3.22] 1.26) D.02] 16,98
GLOBE 42,8 #6.9] 32.4( 60,21 66,0 77,0 02.8] 00.1| 75,1} 6348| 30.7| #44.8] 2.0 | 1,98) 1,36} 1.28] 60| .28[ .40] 2,22 2.06) 1.26| 1,081 .04] le6lf 15,37
MY aaull a7.9] 33.6] 6149 To.8] 79.7] 03.6] 81.3) TT.0| 63.8) 32.6] 6.2 63T | 2,07 1,83 1,69 <TT[ L29| 32| 2.34) S.30( lesd| 1elaf 1415 2033 18,47
AATURAL: BRIDGE . . . . . B . . . . . . . 2.4%] 2093 2.u0) 1361 G681 53] 2.3b) 3.60) 2.09) 1.48) 1.59) 2.6} 23.57 4
PAYSON RANGER STATION . . . . . . . . . . . . . 2,12{ 2019 bo7p| 1.7 Le1] .39] 2,39 3.43] 1,91} 1.48] 1.37] 1.90] 20.37
RENG HANGER STAYION . . - . . . . . . 1,96 2.00] 1.76f ~81f o3b| J37) 1.69) 24827 1.71f Qo1 1edS| 2.22( 37.79
ROOSEVELT 1 WNW a7,5] Sl.ef ST.al 6622 74.0] 8a.0 56.9| 49,7 68.0 | 1.82| 1,701 1.540 700 .25 .38| 1.27] 1.94f 1.41] 140Z] 1.03| 1.95] 1%.01
SAN CARLOS RESERVOIR 43.8/ 49,71 35.3] 63.6] T2.6| 82.) Sacaf aT.2f 63.9 | 1,57) 1,38] 1.32] 60| .23] .sl] 1.61| 2.03] 1.0%| 1.02} 93] 1.59] 13.80
YOUNG . . . . . . . . . 2.00] 1.92] 1.70] 1.07] oal| 48| 2,80 3.431 1,87} 1429 1.25( 1.93 20,17
pIvISIon 42,9 «6.3] 81.7] 39.3| 67.4] To.8 s1o3| ae0( ore0 | 2.00) 1.98( 1.08] .88f .34 .ee| 2.03) 2095 1.s9f 1.28] s.21] 2.08] 10042
SOUTHWEST
PARKER s1.58 seu3| e2.5] 70.3] 77,81 86.3] 93.4) 91.7 73.5] 99.9) S3.11 Ti.8 o33 ceei La8| <231 L03] .02] .27] L00] 570 .23 .28) ee] a.s)
YUMA CITRUS STATION $3,2] 87,0} 62.6] 69.8] 76,9 03.9] 91.6] 90.8 Tadl] 61,7 85.3 .9 39 39 22 o1 .01 .02 .19 Y3 32 Y .12 37 3.02
YUNA W8 AIRPORT ss.al 59,1 65.5] 72.4] 79,6] 87.2] 98,3 92.5] 80.1] 78.3| 63.9] 37.0] Ta3 W39 36| .2ef .09} 01| .01 23] .50f L2387 .38) .12{ .32( 3,03
DIVISION 32.1] 96,2 82.2] 69.7 Te.8] 0a.8] 92.0| 90.7| 83.3] TI.9| 60.3) B3.7| T1.S 49 .55 35 .7 02 0% Y +00 Y] »32 22 «52| .38
SOUTH CENTRAL
AGUILA . . . . B . . . . . . . 08 .08 .85 1.85] 73] .91
CAMELBACK . . . . . . <131 09| 89 1,09 78] .58
CASA GRANDE 30.0 85,1 83.8] 71.7] 38,8 si1.0 e12] W17 o400 1020 80| .84
CASA GRANDE RUINS % M . . . . . . . . . . . . <13 15| L.08] 1,20 89 .58
FLORENCE 31,2 56,7 99.8] o7.4f 75,0 83,8 $0.2 88.0{ 83.9] T2.4] 59.8{ 33.e B IR StEIR T ) S 1 Y
GILA BEND 62.41 70.0] 17,7 86.3] 93.2| 91.6| ve.2| Ta.s]| 00.9] 4.8 W09 os| L07f 1.09 .32
. GRAMITE REEF DAM . . . . . . . . . . .13 olbl  L82] 1.42 37
LITCHFLELD PARK 60.3| 68,1 76.0| 24a6]| 91o1| 88.9[ BI.TY Ti.T| 38.9] 5246 091 L09] .69 1.28 o5
MESA EXPERIMENT FARM 58.51 68,2 86.81 81.9| Y0.7| 58.17 51.6 .13 «09 .83) 1.20 81
“oRMON FLAT s1.1( 69,9 89.6| s6.1| 78.2] e2.3] 33.9 et Lei .22l 2. .09
PHOENIX INDLAN SCHOOL . . . . N . . . 13 .0s| .e3) 1.19] .79 Led] .
PMOENLX WB AIRPOR? A9.7) $3.51 39.0] 67.21 13.0| 83,8 50.1| 818 #13[ J09| L17] 1.12 13| .se :: .:s :';3
PHOEMIX POST OFFICE 52.4| 36.0] 81.6( 69.5) 77.7] 0842 80.8] 3404 «10 ot aof ri1s] . 52 sar] .18| teaz
PINAL RANCH . . B . . . . . 03] 33 2038 3les) iles| 1068 1ler] a2z .
. . . . . 2,32
SACATOM 49.0[ 53.0f 38.9]| 66,9 74.9] 83,0 $7.3] 50.7 W15 si8) 1.20) 1.3 Le1] W0 Le3[ cse| B.8a
SOUTM PHOENIX $1.5] 35.3] 60.6] 68.1) 76.0] Ba.s 39,9 333 12| .10 774 Lada 10 50 a8 921 T.98
SUPERIOR . . . . N . . 29 . : . . . : . .
TEMPE 30,0 $3.71 36.9] 66.3] 13.6] 81.7 31.9| s1.9 .f'l .g: 1.2: f.;: l::; 1.:e l::: ‘::: l;';:
wiCRENBURG . . . . . . . . 6] ol6] 1.23] 2e%0] 90| .38 .63| 1.13] to.0s
o1vISION 50.1) 53.5| 39.0f es.0| 7a.8| 63,2 s8.4] 52,1 o181 J1el 1.08] 3.%6) L83 .59] Le0| 1401 w.02
SOUTHEAST
A0 52.3] 35,9 61.6] 69.6| 77.2| 0%.6; 90.6( 88,3 85.4f Ta.al &1.7 83,00 TS| e 9] Jre| omi Loa [ .
APACHE POWDER COMPANY . .t . . . . . . . » 10 :79 .43 28 .?1 ::l ;:;; i.l’; )::g ::2 ::; ::f l::g:
ENSON . . . . . . . . . . . . . 691 811 La6] G251 Lilf LS1) 2.60f 3.21( 3.2b) .6B] a9 73| 11.
Qaners 1 NN . . . . . . . . . . . . . 1a3nf 1a1s] oe3t .e2| .te| J78] 363 w.w3] 1.93) ce9] lea] 1.re] 17034
CANELO . . . . . . . . . . - . o} Re2d} 3.20) LIS) LALE a3d) (560 se23) aaTe) 1.053] oBA] Lsa] 1.23] 217,
CLIFTON a6ob] 51,81 38,1 s6.2] Ta.a] 83,01 06.0) 851 00.7] 70.3| S6.3f a0u5f 6203 | L91] W91] 72| 37| 23] .39 1.0a] 2.
OOUGLAS SMELTER 85,3 o8,9] 34,0| 61.5]| 68.9| 70.1] 01.0| 79.0] 79.2| e3.2] 33.0| 46.9] &3.1 ST2{ 391 461 W21 e12] .55 ;.:1 ;.:: :::: :;:7 ::; l::: ”‘:;
EAGLE CREEX . . - . . . . . . . . . . 1.32) 1.23( 1.02] osi) L2e] 70| 2.63| 3.23) 1.77] seo] leif aimif asim
§LG:nA:‘N . . . . . . . . . . . . . 92| L93| 1| .29] 10| seaf 3,62 de6l| 1oes| L71] os7f o1 1al1?
ALRB. . . . . . . . . . . . - . #05[ W66 $3BF 4237 ogl] LS80 3.0| 3403 1.23] .6l] Ja6| <67] 1l.se
PATAGONTA . . . . . . . . . . . . s | 1.29] 1.09 19 26 16 a7l 4037 a.26
. . . . . . . . 1a63] LTT] La) be09
RUCKER CANYON . . . . 1,390 1.821 1,08 o521 .18) .e9| 3,76 s8] 1.73] 1.0 () : gl ::'2:
SAFFORD a2 a8.0] a3l 62,7 0| w69 o] .29) L33 Las) ilre] xuse| 1icof .35] tes] e8| 8.06
SAN’RAF:$: :::c:nsz artsl wolal sele| a2’ . 1.19( 1.08) 83! .ez| Joo] Leo| s.a0] 4.30) 1.a9) .75] e 1.0 16107
SANTA R . . . . s4ol | los9| 1.84f 2,03) L8] 18] L73) 3.9e] 4.69) t.88| .91] 1.02] 3.39] 19.00
STEPMENS RANCH o . . . N . . . . . “ . 1.00 a2 501 .28 10 s5) 2.00] 3.8} 128 k13
. - . . - . . . . o3 97
TOMDSTONE . . . . N . . . . . . Jael a1t Les] 33l i lse sie7] 3iee| 1030 e 5: <80 ::.::
TUCSON UNIV OF ARIZONA 30,3 53.3] 58.4] 66,1 73,7| 82.5] 86.9] 4.7 81,0 s2.2( sv.r| .eal eal .es| 33| 3] l30f 1oes| 2.24] 1i08f ler| ler| las| roser
TUCSON WB ALRPORT R| 49,8 32.9] 58.0] 0%.9] 73,8 02.7] #6.3] 83,1 s0un o9 87.7[ .02] .4 .331 L27( 43| .29] 2.061 2.88| 1.00| .64 .62} 92| 1l.00
DIvVISION 48,0 #9.3] 64| 61,9 69,4 78,3) 01.8] T9.8| 75.9 40.0) 83.7( L98f 1.02] J73] .38 .16] .e0) 2.78) 3.24) ko3| LT9| sea .99 13442

* Norasls for the partod 1931-1960., Divisional oormals nay not be the arithmetical averago of individual siatlions publighed, since additional data
for shorter period stations are used to obtain botter areal representation.
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- NORMALS BY CLIMATOLOGICAL DIVISiuNS

Taken from "Climatography of the United States No. 81.4, Decenniol Census of U, S. Climate™

TEMPERATURE (°F) PRECIPITATION (In.)

COLoLADD

STATIONS .. son. | Fab | mor. b ape | may | swne | Mty | Ave | Sept. | Ot | Mov, | Dee. | Annwol | son. | b | mer. | mor. | Moy | Jume | sty | aug | Seer [ Ot | Nov. | Oec l Annuol
- (By Divisions)
, . .
3
ARKANSAS DRAINAGE BASIN
‘/nuzm visTa 24481 27,31 33,0 | 41,31 49,8 8.9} 82.6 | 6241 ] 58.1 [ aTi0] 36,2 27.5 Lat s 1.07] .56 | 1.69) L.37 70 O k5| 3o | 9.89
' W CANON CLTY 36,6 | 38.at 2.9 st.7] 60 6 0.0 7981 Tuia] 67,0 s67] 4Tl 393 AR ) 2,071z tees b | seof Lrsf Lsa] 3712006
@PCOLORADO SPRINGS wB AP 280 | 31.5| 36,21 &5.61 53,0 66. 7] 70,5 69.2 ] 1.6 ] 50.3] 37,81 31,7 .29 .33 2,13 ] 1,591 2,37 2.14 | 1.07 .69 4 224 [ 1319
““EADS . . . . . . . . . . . . 39 a2 2.2613.92) 2.06] 2001 3.00) .0a] .a9] L30]13.78
“HASWELL . . . . . . . . . . . . 38 .37 2,137 1.69)1.81 | 1.e4 | 1.07 -7 65 223112420
MAR 29.9( 34.9( a1.6| 52.8| 62.9] 13,5} 79.1] 17,4 290 Lud 2..0f2.07[1.85 2,07 | 1.08] J79f .ve| (3] is.20
AS ANIMAS 30,5 33,1 aa.t] s6.2] ea.a | Ten ) Te.0 ) 72,2 e8] L35 2.09 0 1.65) 1483 ] 1,70} o9& | 70| <68 ,3%.12,2%
SLEADVILLE 17.91 19.3] 23,2 32.2] 42,0 51,4 ] 56.9| 95.6 1.32 [ 1.9 Voea [ 1,13 02,730 2.0 F3.3% [ 0011 [ 107 ) 117 1,00
MON 10 55W 21.7| 30.2] 35.7[ w5.9] 55.5] e5.7| 1.7 70.5 b foLe2 2,32 (1,79 ) 2,200 2,25 | 1e32 | LT9 ] .56 38| 1.9
—N02Tn LAKE . . . . . . . . . 92 ] 1038 2.93|1.30 ] 2.0 ) 2,00 f1aas]a.26] L02] L77 | 20030
oRoway . . . . B . . . . . . . . W0 a0 1,92 1.06 ) teay | yaspiaais] w581 a3} .35 11,28
TPENROSE 3 NNW . . B . . . . . . . 34 +36 1.97} 1,88 1,72 ] 1.87 .87 <80 a7 PRI TS
WPULBLO w3 AIRPQRY 30.0 [ 33.9| 0.1 50,7 0.6 sl 76.51 Tha6 [ bE.6 | 4.8 w0.0 o3 a8 t.soft.22]1.82]1.0> b4 .59 53 «30{11.04
»ROCKY FORD 2 ESE 30.0 34,70 43.9] 52,30 61,7 T1.9] 76.8) Tu.2| £6.7] 560 ) 36,7 a3 .35 2,02 1.264 1.7 ) 1.70] 1.07 19 kg 32 12.01
“RUSH 2 NNE . . . . . . . . 26 .27 2580133 (2,291,700 2,07 2,39 1.18 1Y .32 «19 | 13,22
=~ 5ALIDA . . . . . . . . . . . . . sal +53 <601 10321 1.0 1| 3,68 ) 1.6y 7Y [1.00] .85 43 110,87
~——-5PRINGF IELD . . . . . . . . . . . . . o7 ab ] 1,05 1,31 | 2,58 (2,00 )| 2.07]1.79] 1.8 .85 9% b3 16,73
TTTEO BUSTES 1MW . . . . . . . P . . . . we ] Lw8| L8913 2,32 3.9 ) 1.89]3.972.06] .80 .53 .30 13.8%
olviIsioN 28,70 3.7 37,21 6.9 ] 96,11 66,7 T2.2] 49,00 624 | 33,6 37,00 21.8 49,1 <53 .58 9% b ta6B8 ] 2e29f 1.a9f 2410 2410 F La02 90 41 48 | 14.T7
COLORADO DRAINAGE BASIN
——AMES . . . . . . . . . . . . 1,96 [ 2,02 | 2,34 [ 2,72 [ .92 | 1.3212.34] 3,05 2.2% 237133 | 1,69 | 250
CEOAPEOGE Sy 27,8 M. ) 38,7 40,1 ] 5659 65.5 | T1.5| 8946 | 6246 ) S1.6( 37.5¢ 30.1 .93 .98 2951 .12 285 .78 B 1432 104 | 1.4 3 <86 | 11.51
8 —fOLLBRAN 22.80 27.6 ) 361 26,0 56,8 3.2 69,4 6T 2] 99,5 aB8.7] da,s 1,02 1131.2211.30 (.56 ] s00 JTh | 1.00] 1aat [1.208 | 2,27 Al #95 [ 13.83
wCorltz r.s 3.9l 38at et el a8t ea 2| T3 6906 ) 6202 5100 3%z teg6f 133} 1,09 teae 86 296 F Le20 a3t ] taat t laag 215010021 18.20
ERESTED BUTTE 13.5 | te.3| 22,6 33,4 4u.2| 52,30 6.0 56,97 50,11 40.3] 25.7 2.68 ) 2,561 2.36 01,73 1oar {1,632 | 1.99]2.27 1,66 | 1,63 ] 2,52 [ 2,00 ) 23.00
ﬁ“‘ 1E 26,0 33 1 [ otee| Bl | 60.8 | oR. B[ 748 | T2.3 ) seat | 52.9] 37,1 53 &9 50 -T2 .62 +52 6211412 .83 .96 .40 1) 7.5
IAON 1 E 15,21 17.9) 22,081 32,3 ) 42,21 49,71 54,93 3.7} 47,70 38.3) 2%.0 1.63 11,553 2.08 71 203713471 11,20} 31890 1.63)1.33 74,108 ) 3,181 1.30 ] 18.42
»OURANGD 29,3 | 29.7 [ 6.7 45,5 | 52.5] 60.6 | 67.0 | 66.0 [ 59.0 | 48.7| 36,2 1ot [ 1.30)0.06901.29] 14123 85| 1.8 ] 2.36 | 1.73| 3,00 %0 ] 1463 | 18.04
FORT LEw(S S 23,0 25,9 M2 f Atz 49.,0] 57,2 63,61 61,91 85,7 as.6] V3,2 1ees i a.ss | teesfras] w9018 2aaet a8 2.03) 99 1.0 ) 18,70
_ERASER 12.7] 15.8 P 41.9] 69,7 ] se.a | 91.0] 4b.t 1.52 1281 [ 167 0eo0 | 1,77 ) 1oak | aeba | 1ase |t {103 .13 | 1ate f17.0
»FRULTA 26,01 32,2 413 1.6 61.0] 69.4 | 75,9 T3.3) 64.9| %2.7] 37.4 .73 b .79 . T .8 b 85| 1.02 .89 77 58 b2 8.31
WOLENWODD SPRINGS I N 26,81 29,7 37.9) 47,8 | S8.3) 6603 T1a1 | 89,0 | 616 31.0] 36,4 1,00 | ta?5 ) 10931490236} 1,19 136 167 [ hasl | 3.40) 2,22 [ 0.4%]|026.03
MORAND JUNCTION W8 AP 26,0 ) 32,8 | 4hed| 52,3 62,2 T1.3| T8.2F 78,5 [ 67,0 o6 | w68 ] 473 G785 w0 w2 | 571,07 .91} LTu] .58 .37 a.29
bounntsON 12,41 1%.6 1 28.2) 39,7 ¢ 48,3 ] S4.5F 8243 | 50.5 ) $3.3 .97 <98 .81 +BO BRI AR BT LT2 o8 78] 11,00
—HAYDEN . . . . . . . . . . . Vo2 2ebs | 1e20 [ 150 | Soa? | 1028 1025 1019 0.24 [ 1,461 12091 3,36 [ 15,65
NACIO ) N 23,60 28,4 36,0 45,3 93,4 61,8 68.3]) 66.8| 59.6( 48.9| 3%.2 1.30 ) 1171119 [ 1.07 ] 1.00 272 | leap | Lo17 [ 3.30 ] 1,50 JT5 | 1.19 | 14,85
pMESA VERDE KAT PARK 29.81 93,0 8.6 40,1 ] ST.0] 674 ] T2.9] 7048 [ phas | 52.7] 29,4 1.03 71,95 1761 14221 105 CTOL X208 | 2401 | 3o ] Fabo S98 1 3.T) | 1BL2B
wMONTROSE RO 2 20,5 32.3[ 39.1 ]| 4B.8] 57.9 ) 67.3 [ 13,31 70.8 | 62.3] 51.5] J6.n 65 « 60 W65 .58 T4 .9 270 | 2.25 e .93 57 .59 9.11
i HORTHDALE 22.5) 26.6| 3031 42,8 52,01 50.7| 68.0 ] s6.2 | s8.a ) aT.1 ] 33,5 107 [ 1.0 | teos | tato| cer | isafi.tifi.so)teen]iise ] L9a 1,07 0042
e KORWODOD . . . . . . . . . . . t.ee |t Laeay [ teasnio2| cewruse|2atsreas )i | w92} 1,07 15,73
5 ~PALISADE . . . . . . . . . . . . . 50 .61 T «98 67 o8l 1) WG| 1.15 ) 1.01 «60 L) B.76
- TKIN . . . . . . . . . . . lewl f laed i 115 .91 | 1.Bo | 1,821 1.23 ] 1.00 09 710,19 ] 15,68
-i<O . . . . . B . - . - 2.etl 2,23 Lol Lan9 | 2.39( 2.89 | Z 49 2,40 0 Lob6 2451 ] 20,49
IFLE 23,2[ 29,1 38.3) «0.3] 56.7 ] 645 | 710 8.9 608 | 5.9 St teor| .79} s69) .98 | t.20| .e2]1.0%) 78] .84)]10.93
SHOSHONE . . . . . . . . . . 1.67( 2.19 | 53713022 1410 Jteen | 1032 ) Be5a | 2037 | 0.13 | 18,19
/stLvrwlon t6.7[19.0| 23,8 33.2[ 41.9| 9.7 5.1 | 5.1 { «B.2| 35.0 2,98 1,76 f 139 1oal [ 2,07 2,821 2.2002.260 1,06 1,504 22,28
o~ STEAHBDAT SPRIKGS 1501 15,64 27,5 ] 39,5 | «8.5] 95.5 ] 62.0] 60.8| 52,1 3.2 2.27)2.35] 2,08 | 156 ] teso | 2.an | a.en | 1a79] 190 | 2.65 ] 22007
TELLURIDE Q1.5 23,8 | 28.3 ) 37,8 | 5,3 53.6 | S8.6 | STul.[ 8.8 42.8 2.30 [ 2,86 do72f he22 [ 2,30 ] 2,93 1,90 1,09 1,23 | 1.4 | 23,79
DIVISION 21.2 [ 25.3] 2.0 «2.8] 81.7] 60.1 ] s6.a | 6aen | 57034 45,7 teeo b bowe [ 139 w93 l1.3m)dee9 {4233 20037 100 {0e2a [ 18079
KANSAS DRAINAGE BASIN .
*” BURL INGTON 29.7 ] 33,0 38.9} 49.7| 59.0] 69.4 | 75.5% ] 73.8 ] 6%.6| 53.9] 35,7 33.0 5‘.! 2 2] 299 ) leon | 2,53 2,52 2,57 2,230,203 +08 b3 203 | 16435
«” CHEYENNE WELLS 29.4 | 32.5) 39.0 0.2/ 59.8) 0.1 T6.0] 7he6{ sl | Sa.3 [ 39,9 32,2 }i’.o 36 .37 T 652,232,301 2.6 2,85 1,00 78 bl 223 '1a.97
»7 HOL YORE 27,5 30.8{ d6.6] 6B.2] 88,8 | 68,5 ) 756 73.9 [ 6a3 ] 32.2{ 37,7 d0.3 | 3p.) Jdowas] o Le9freer | 319 ] 3037 ) 266 ] 2000 ) 1.68 ] L92) web | L3 17.82
LEPOY 7 wsu . . . . . . . . . . . . . w2 wstirieol2.zrh2eealzirs f2i0al oo bri2a] 92l cnal (setirier
7~ WRAY 20,6 [ 31.46 [ 3800 | 49.5] 09,8 | 6%.4 | 7620 739 ) s4.a| 52,2 38,1 [ 30.8 5&.9 k2 1 291 | 2.09 [ 3.08 ) 2.57 | 2.6812.221 1.8 .99 sl a2 [ 17,65
— YUMB . . . . . . . . . . . . . w2 Lt 107 [1.69) 2.03| 2,62 12,83 0.95 {124 ) 93] 89| .40 | t6.73
DIvISion 28,1 ] 3144 ] 37,4 | 48,5 98,2 686 8.1 | 73.5 ] 6aa7] 83,0 d6.a | 20.2] s0.7 w0 | Led ] .en | 1.69) 2076 | 2,33 ) 2.50 ] 2.06 | 132 .88 Lem | 40 le.k®
PLATTE DRAINAGE BASIN [
»BOULDER 32,1) 3607 39,30 88,7 570 67,51 7306 7201 su.3] 53,7 272 .83 1.75 ] 2075 | 3.6 § 1,89 | d.ed [ 1ese [ 129 ) 230 ] L9s | Le2 [18.57
7 BYERS 28.8| 31.9) 37,50 «7.2] s6.6) 67.3| 73.7] 12,2 63.8 ] 2.4 sod | w4z ooBvpreas | 2.5a [ 1058 ) 2001 | heso fhade | T2} J5a | .40 | 14.05
CMEESYAN 28,00 30,1 ] 35,1 «3.0] 52,1} 62,1 { 671 6%.8] 99.3] «5.0 el 297 2651 1,971 2,081 113 2,331 2,06 11,13 85 +53 240 | Lu.at
#DENVIR WB AIRPORT 28.5 ] 31.3 | 38.4 [ 46,4 | 56,2 | 605 | 72,9 71.5] 63.0] 2.4 W550 W69 0.21 201 [ 2.0 0.6k Jaus3 ] t2e [ o [ Lev ] LaTfaest
#DENVER w3 K1Y 32.6 {1 3uab | 29,2 4Bes | 3D T 081 | Tuea| 7301 | 6aen] 52,0 s ek? 63| 3,071 485 | Zoal f 127122 200 »%1 3 62 W50 { 12.89
S ESTIES PARE 26,8l 2707 3n.al do.e ] ari7] 5603 2.2 c0es suit | a5,y .53 B2y t.08) 2.03¢ 2.22 T 2.13) 1.86 11,24 ) 1.00 B2 55 ) 15,07
#”FORT COLLINS 26,61 2971 3602 | aban | 55,4 669 T1.0] 59.2 ) 60.7] 49,0 .38 + 50 =73 [ 1eBo | 2,50 [ i.73 {20251 1.5301.20] 1,00 a9 a2 114,19
- FORT LUPTON 1 N . . . . . . . . . s a8 ST0 | be?1 | 265|262 [ 1,25) La25] 4,02 . B4 ot «35 112,62
+“FORT HORGAN 26,31 28.08[ 36,6 4709 7.7 [ 67.9| 73.9) 12.0) 62.7| 5142 .36 27 el 1e5Y [ 2490 1.2 1076 ] 1,38 | 120 T3 .36 229 | 212,86
+GREELEY 26,1 ) 2841 36,00 471l s7.0) 673 7303 a1 62.t | 45,0 W35 o3b | W72 10657 28] 1,82 | 1419 BTy LTe ) .85] %) L3y a2
»GRECLEY C5C 24,0 | 2044 36001 7.1 | 57,0 67431 73,7 ?1.7] 62.1 | 49,8 .35 .36 W12 ) 1.a5 ] 26 ] 2062 ) 1019 .61 .16 .85 -39 33 hi.a2
wGROVER 10 M 26,9 29.2) 34.7| 65.0 2a.a| ot T1e6 | 1001 | 8148 ] %07 3 wex| LT3l rar) 2.6t | 2003 2000 | test [ yi0e [ Les | Lea) 3013430
o HARISEL . . . . . . . N . . a3l el evop 92 tioof Leefz.33lz.08) 96l Lee] .39 .35} r0.M)
HAWFHORNE . . . . . . . . . . W07 t03 1,92 3036 ) 3.7w b rese fres9 a5 faan] 52 [ 11| 275 | 20,82
sIDAND SPRINGS 26.1 ) 27.8 [ 32.3f 40,7 48,5 | 57.5] 62.0 ] 81.6 | 55.0 | 43,6 0] .60 95| 2.0t 223 1.az 209208 02| L8| Les| .40 15.00
¥ JULESBURG 27,7 37,51 49,4 ) 99,30 69,3 1 T6ub ] 4D ) 60T 2.6 ooy L5 ] 1000 2,06 1 2,38 ] 2,20 1.9 ) 1.2y £33 W50 ] .42 ) 1b.32
KASSLER 1247 3.0 49.6[ 58.2| 67,9 [76.0| 12.7 [ 5.0 | 95,0 12| .93 1.02 2,90 | 1eshtoe2 fleat l 1,22 | 1.3 ) L98 | 58|t
wLAKEWODD 3. 39.51 49,1 57,9 ) 68.2 | T4.04 72.5 83,9 %2.7 05 731 1.20 2.82(1.02 | 1,33 (3201 1.03 ) 1002 .79 451019010
»LONGKONT 2 ESE 21.0 do.9 | 47,0 8.3 5.6 1.6 70-2 | 81.7] %0.6 W90 Lek ) ouT7 20p6 [ 1eas 10,00 L8e 106 92| .a6| 32]12.03
- PARKER 9 N . . . . . . . . . . . . o3 ol N 2,38 1 1.4 ) $.86 1 1.7 | 1.00 «BY %2 2R 120
——SpICE . . . . . . . . . . . . . 293 1.0 1.20 Voxs [ 1,04 | o33 fpaty [ 3,071 Lot 1e02 1,28 | 14.Cs
WSTERLING 26.8 20,9} 36.0] 47.91 57,6 67,4 | 73.9]| 12.2 | 2.3 5C.8{ 38,4 | 28.2 “8.9 .33 W32 .76 2.60 ) 2,58 ) 1.84 ) 2,98 | 2,02 R bal S35 lealg
WATEROALE 48,50 10.8 ] 36,7} 46,6 95,0) 640 | 0.5 ] 68.9 | 61,3 | 50.1 | 3T.6] 1.0 ] CEN ok} W5% ] Vel 2.9) ) 188 11238 1030 ) 1anh ] 1aa2 o Bt YR BT
OIVISION 26,5 | 20,1 | de.8f eu.61 53,77 63,2 69.4]67.0|39.7] 49.0) 381 29.9] 7.0 50 we0]t.03 1.0 2es3 |t et ause | aaas | e ] a3 ] sem|aeien
RIO GRANDE DRAINAGL BSN
beu-«ns‘ Wiy AIRPORT 17,4235 | 32,1 L at.e| 50,81 60.0 |-66.9( 63,0 55,7 | eaun ] 29,9 e 7| W6 sk L1369 RN L YY) 28] e
A NORTE 20,8 ) 25.8) 33,6 ] &2.71 93.9] 393 | B3ed | 6242 56,3 ] 283} 3341 sab 1 W2%] 30 77| LA7] .80 1.57) .48 82 au | sy
HERMIT T [SE 12,71 16,0 2328 34,6 43,0 | 0.7 [ s6.a] 55,2 [ wr,7| 39.2] 25,9 1.0 .67 9411220 FaA t .00 2.23 11,40 11,87 <81 | 19,07
w—ANASSA 10,1 26.9]1 32,8 «2.2] 50.8 ] 59.2 1 63.5] 61.9 58,8 4s.7] 31,2 #37 223 <3 58 .8l 08 1.26 o Th .6 20 &.76
——EAGUACHE . . - . . . . . . . . . = | 38| .21l .e2| e 12| Ls1 pese [ L7 [ 72 .31 Balo
Dlylslon 17.2122.7 [ 30.5] 0.2 | 48,6 | 36,9 { 61,9 60,5 | 56,2 | 4do) | 29,0 20.2/ 40.6 .61 =49 T2 .96 98 266 | Lok ] 1,08 WB9 102 49 #53 | 0.9

¢ Normals for the perind 3931 = 1960, Divisinnal norenls may nol be the arlthndebeaT average of individual stattans publihed, sinoe sdditional deta
for shorter pericd stations agre used to obtain bettnr areal represeniation,
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1DAHRO |\

*NORMALS BY CLIMATOLOGICAL DIVISIONS

Taken from “Climatography of the United States No. 81-4, Decenniol Census of U. 5. Climate” ,

/DA 1O : TEMPERATURE (°F) PRECIPITATION (In.)

— 647 —

STATXAO.NS AN FER | maR | APR | mAY | JUNE | sULY 1 AUG | SEPT | OCE | NOV | OEC ANN AN FEB | MAR | APR | MAY | JUNE | Y | AUG | SEPT | OCT | NOV | DEC ANN
—__{By Divisices)
PANHANDLE J
SONNERS FERRY } SW . . . . . . . . . . . . o 13016 2,248 10768 1011 1,37 1.62) L78) .78 1.26] 2041 3,08} 3.53) 23.08
.COEUR D ALENE ! E 2745 30.8] 37,6} 46,9} 55.4{ 61.3] 6941 67,8] 59.6] 48.7] 36,8/ 31,7 47.8] 3.42[ 2,52 2434 1.7 2.04 1.93[ .66] .72 1.35 2,501 3,20 I.74] 26.13
PORTHILL 24,00 27.6] 35,7 46,3] 54.7] 60.2{ 66.8] 64,7| 56.5] 45.6( 33,9] 28,5 45.4] 2.18 1,55 1.42] 1,02 1.38] 1,94 .76] 1,05 1,261 2,03} 2,206] 2.42] 19,25
PRIEST RIVER EXP, STA 2308} 276) Y444] 43.9] 52.5| 58.2] 64.6| 62.5] 55.3] 48291 32.9) 28.0{ 4ba1| 631 3.1% 2.84] 2,03} 2.18( 2.99 .90 .89 1.60 3,29 3,92| 4.78] 32.46
SAINT MARIES 27.8]32.2] 38.6{ 47,3] 55.2} 60.7[ 67.6] 65.08| 58.6[ 48.5] 36.6| 31.6] 47.5] 3,79 2.87 2.63[ 1.99 1,99 2.18] .7} .67 1.43/ 2,79/ 3,58/ 4.08/ 28.71
. SANOPOINT ExP STATION 25.8] 29.2] 36,0, 45,80 53.8] 59.3] 65.3] 63, 4] 561} 46.1] 34,9] 29.7| AS5.4( 4.49] 3.30] 2.97] 1.97] 2.05] 2.33] .63] 83| 1.71] 3,37 4.21] 4.88] 32.74
Ll DIVISION 29.8] 29.%{ 36.5] 46.0] 56.2] 89.9] 66.6{ 64,7 57.1] 46-7] 35.0] 29.9] A6.0] 3.56] 2.60 2.38) 1.67f 1.85] 2.5 .73 .82} 1.45 2.82] 3.42) 3.98] 27.37
RORTH CENTQAL PRAIRIE
GRANGEVILLE 27.7] 31,5 36.9] 44.9] 52.2| 57.9] 67.0] 65,9] 58.1) 47.68/ 36,4 31,3] 46.5} 1.38| 1.52]| 2.05] 2.68] 3.30] 3.04 .88 .76 1.51f 2,201 1.82] 1.51} 22.65
. M0SCOW U OF | 28.2{ 32.%] 38,9} 47.1f 56,4 60.0] 67.3] 65.6] 59.2] 49.5] 37.8] 32.4| 4T.7| 2.80] 2.148] 2.12] 1,69 1,63 14760 .51 .52| 1.24 2,03) 2,66 3,15} 22,21
NEZPERCE 2605 30.7] 36,5 6.7 52.1f 576 65,5 64.5] 5T.4] 47,5/ 39,7 30.6{ 45.8] 153 1,45 1a7A 2.13) 2,751 2.66] .86] .71 1.35]1.95 1.83] 1.70 20.70
POTLATCH 3 NNE 287 32.4] 3844 46,45 53.5] 59.0] 65.6] 63.8) 57.6] 48.5] 37,68 32,7 47.0| 3.,10{ 2.35] 2.28] 1,82 1.94] 2.06] .55 52| 1.38] 2.33] 2.80] 2.38] 24.49
DIVISION 27,60 31,2} 37.%0) 45,1 52.4] 57.9] 65.9| 64, 4] 57.5[ 47.9] 36.5] 31.3| e6.2| 2,07 1.81] 2.00] 2.03] 2.50] 2.48] .73 .68} 1.37] 2.09| 2.17| 2.25] 22.20
NORTH CENTRAL CANYONS
KOO5K1A | 3043f 36.0| 43.0] 50.9] 58.5{ 6443 71,8/ 69.6[ 62.4) 51.5] 39.0] 33.5| $0.9( 1.93] 1.86] 2¢39] 2.82| 3.05 2.89] .85 74| 1,50/ 2,48 2.24| 1.99| 24.72
LEW{STON W50 30,7 35.9] 62.6] 50.8] 5R.4] 64.8] 73.8] 71.7) 63.5 52.n] 39.8] 38,9] 51.601.10]' .97/ 1.18] 1.14] 1,650 1,73} &3] .43 .90] 1,21]1.23] 1.37[ 13.24
OROF INO 31,00 3646] 43,2] 51,9} 59.6[ 65.8] 73.8] 71,7 63.5] 52.0/ 39.7] 34.1| 51.9| 2.79] 2,61| 2.63] 2.06[ 2.27] 2429] .60] .47 1.63] 2,36{ 3,05[ 3.37| 25.93
RIGGINS RANGER STaTION . . . . . . . . . . . . . «90 1.22] 1449 1.54 2,00 1.91) .62 ,56) 1.02] 1,42} 1.37] 1433] 15,48
DIVISION Iaaf 36451 4304 51.7] 59,31 654737 T1.7| 63,7 53.1] 39.9] 34.6] 52.0]| 2,100 2.02] 2.3%] 2,12/ 2,311 2.30] .62| .59/ 1.35; 2.13] 2,38/ 2.48] 22.75
CENTRAL MOUNTAINS
ARPOWROCK DAM 28,51 29.6] 37,8} 48.5) 56.7] 63.8] To41| 72.2] 62.7 50+7{ 36.6| 29.3] 40.9( 2.77 2.60] 2.14] 1,49 1,42 1,100 .27| .15 .67 1.28]2.32}2.81)16.82
"AVERY RANGER STATION 27.8] 31.7] 37.9] 06,6] 55.0{ 60,7 68.0] 66451 59.3] 49.1| 35,71 30.6] 4T.4| 3.57] 3.02{ 3,20 2,45 2.41] 2.51] 1.04f ,95| 1475} 3.36] 3.89| 431 32,68
DEADWQOD DAM 16,8{ 21,3} 26,9} 36,3} 65,31 52,2/ 60.0] 58.6] 51,1 42.2] 20.8] 20,1} 36,3] .79 4.23) 3.51| 1.95/ 2.11{ 1.83] .61 .60/ 1.00] 2,27] 3.64] 5,43} 31.97
GARDEN VALLEY RS 26420 30,1} 37.5) 47.0] 55.0] 61.6] 70.9] 68,6/ 60.5] 49.1] 34.9] 27.4] 47.2] 3.38| 3.02] 2.66[ 1,77 1.75] 1.39 .33 L61| 72] 1.74]2.89| 3.76| 23.82
HAILEY RANGER STATION 18.7) 23.4) 30.8] 43.3] 52.3( 56.8] 68.0] 66,0] 575/ 47.0[32.2| 23.6[ 43.5{ 2,11/ 1,88/ 1.28{ 1.07] 1,33} 1.04] .43} ,42f .60 .90/ 2.31}2.18} 16,52
HiLe Civy 153 19.5] 26.8] 40.5) 50.0] 56,31 65.81 63.7] 54,7} 44,31 30,6{ 21.8] 40.68{ 2.32{ 1.94] 1.41] 1,01} 1,26] .85 .27 ,33] .4})1,u0]1.71) 2.18} 14,69
iDAHO CITY '22.9] 2743} 34.2] 48,2} 52,2] 58.4| 66.9] 64.8] 57.1] 4745 34,5 27.0| 48.8) 3.4 3,20/ 2.57 1.68[ 1.86] 1.38] 3] ,29] 5T 1.62f 2.64f 3.63] 23,19
' KELLOGG 27,2 31.5 38,11 47,0 55,1) 60.8] 68.2] 66,1| 58.6| 48.4/ 36.3] 31,2] 47,4 3.61) 2,92] 2.97| 2.38] 2.41] 2.42] .83 .83 1.7V 3,18 3.7 4.01f 30.97
MC CALL 18,57 21,8 27,6 37,2] 47,11 56.1] 62.8] 60.4| 52.6] 43.1| 30,2} 22.9] 39.9] 3.62] 3.15] 2.75[ 1,87 2,35 207 55 .61| 1.19] 2,28 2.78) 3.53] 26.75
NEWw MEADOWS RANGLR STA 219010 23.9] 30.9] 41.7) 495/ 55,7 62471 60.3] 52,8/ 436} 3142 2323 4142[ 3.30} 2.70[ 2.37 1.94] 2,07 1.99] .55 .55} 215 2.22{ 2.87] 3.58} 25.29
WALLACE WOODLAND PARX 2581 29.4] 34,9 43 T 51a4] 57,1 64031 62.6] 35.6) 467 35,11 29.9] 4.7 4304 3,43 3,521 2,47 2.45| 2.72{ 1.0} .87} 1.93} 3,62 4.45[ 5.08( 35.75
DIvISION 21¢0) 25.2] 31.4] 41.41 50,0/ 56.3] 64.6{ 62.5| 54.8] 45.1{ 32.0) 25.0{ 42.4] 3.56f 3.11| 2.78] 1,97 2.06} 1.93] .66 ,63] 1.20 2,34 3,16] 3.96| 27,36
SOUTHWESTERH VALLEYS
B0)SE WSC 29.1f 36.5 41,7 50.4] 58,2 65.8] 75.2 72.1] 62.7} 5146 38,6] 32,2 1.0 1+32) 1.33] 1432] 14161 1.29] 89 .21 +16] «39] .84/ 1.20| 1432 11443
CALDWELL 28.9] 34.6) 62,5] 51.4] 58.8] 65.2] 73.5) 70.4] 61.5] 51.2| 38,3} 32.3| Qa7h 129 1.28( 1171000} 1o0B) 78] 247 13| .43 .79[1.21] 1.26{ 30.6)
CAMBRIDGE 22.3[ 27.5] 37.9] 49.2}1 57,3/ 63.9 Ta.1[ 7).0[ 61.0[ 49.8] 36.0| 28.0, 'B8e21 2,801 2,871 1499 1.43] 1,45 1.83] (251 ,23] +65 1,45/ 2.45] 2.93] 16.71
COURCIL 26,70 2942[ 37.5[ 48,3} 56.6] 6£3.0] 72.8] 70,6} 61.6] 50.5 36.9| 29,0 48.4] 3.82] 3,34] 2.77] 2.09] 2.02{ 1.B3] .3%] .39 .86] 2.14] 3.18] 4.01] 26.80
DEER FLAT DAR 28461 3440 41.81 50.0] 58.2] 66.8] 7325|7071 617 5142| 38,3 32,31 50.3| 106 .94 121 +A7{ 1.06] +73] .18 .16 «36] .69 1.02]1.08 9.20
EMHETT 2 € 29451 3541} 43,11 51,91 99,50 65,8} 73,7} T1.1] 63.0] 52.6} 39,40 33,3] S1.5) 1455} 1,440 1311 107 2,260 1.0 L15] J22] <550 (950 1.37{ 1463} 12,43
GLENNS FER®Y . . . . . . . . . . . . o § 10250 2941 1402 751 .90] 59 425] 14| <25 .55 1.05] «99] 8.68
GRAND VIEW 2 W 29.4] 35,6 43,01 52,70 60.8| 67.,9] 7645| 7346} 63.5) 523| 39,0/ 32.3] 52.2| .71] ,58] <9} .70/ 1.09] .83 .16} 11| 33F .47 .68] 69 7.26
KUKA, 2 NNE 29.0] 34,5 1.8} 50.3} 57.6] 63.7] 72.0/ 69.4] 61.3] 51.8] 38.8| 32,4 1.32/1,03]1.20] 1.03; 1.37 .88] .19] ,14] +50] .79]1.18) 1.03 10.36
ST MOUNTAIN HOME 2803} 33,20 40.4] 49,8] 57 44] 86.06] 73,7 71,1 62.2] 51.9] 38.7] 31.9 50-2>l-06 »87) 120 .B4f1.02] 73] 24| 18] «30[ .65 93| .91 8.78
' PARMA EXPERIMENT STA 2843 36,31 62,6( 51,31 58468 65.4] 73.6] 71.0] 62.0! 5145} 38,31 32,0} 50.8[ 1.11] .98} .91) .80] 1.06 <79 .14| 23] .44 .TBI1.00| 1el2] 9.34
PAYETTE 27.5] 33.2| 62.4; 51,7[ 59.5] 6643} 75431 72.3{ 62.5 513} 38.0] 31.5] S5Le@{1.51] 1.26/ 1.10] .88} 1.00] .87 ,22] .22 .#2] .90 1.21| 1.37 10.96
WEISER 2 SE 27.50 33,3 42.8} 52.1 60.1( 66.8) 75.4] 72.5[ 63.1] 52.0] 38.5 31.6651.1«[.70 1.450 1a11] 490 .99 «82] .11] .22 .39 .86/1,28|1.48 11,31
Divistion 28.2) 33,6 41,7 51.0] 58.8]| 65,4] T4.4) 71.6) 62.6] 52.0] 38.7[ 32.0] 50.8] 1.54 1,36 1.30] 1.04] 1.22| .97 .21 18] 48] .91/ 1.35}1.48! 12.00
. SQUTHWESTERN HI1GHLAND
HOLLISTER 2646[ 3102 37417 46.0] 53.9] 60.9| 71.3] 68.8] 59.9 499 37,1/ 30,8/ 47.8| 1.09] 74 101} 109 1.23| 1+06| 60| +28] +43] .74f .91] 1.0l 9.99
DIVISION 26,0 30.2] 35.9| 44.B] 52.6] 59.4{ 69.4| 67,0 56.4] 50.2| 36.5[ 30.0[ 46.T7| 1411 .80[ 1.07f 1.16] losa] 1ads] Lalf ,31] .o04f .98 .89]1.02{10.77
CENTRAL PLAINS
BLISS . - . . - . . . . . . . o | 1e26f .92] .92 .66] .88] L6} L22] J11] .27 .55 1.05| 1.11] B.54
BURLEY 26.6] 315/ 39.1) 4B.06] 56.9} 64.2[ 73.8] 71.4] 62.1| 51.3/ 38.0{ 31.3] 49.6| 1.01] .92[ .84f .79 .aT .72] .26] .28] 60| .63} .8 .94 8,61
HAZELTON 26.3] 31.6[39.2] 46,7 57.0] 64,58 72.6) T1.1[/ 61,9} 51.2{37.8| 30.8] #9.5}1.35 1.06| 98 .99 1.09] .83] .25 .19 .39 .?9/1.07)1.12}10.11
JEROME 26.5] 3142]39.0] 49,1 57.4) 66.6] T4.1] 71,41 62,4 51.5) 38,11 30,8 49.7)1.26] .99 93] .79 .B7 .66/ .18 (18] .ol .64 .95/1.04] 8.87
RICHF IELD . . . . . . . . . . . B o J1e61|1.13] .88 .70l .B5] .68 .26] J30] <39 .71 1.05{1.32 9.64
RUPERT 2607 29.4) 37,5 47,3 55.8] 63.2] 72.6] 69,6] 60,3 49.7[ 36,5| 29.7] 48.0|1.02] .85 .82 .74 .82 .76 .23] ,23 .al| .68] .81 .90] 8.27
SHOSHONE 1 WNW 23,11 27.7] 3646} 47,51 55.90 63.3] 72,91 69.9} 6045} 49.7] 35.81 28,21 a7.6{ 1.50] 1.29] 98] .79| .99 .eaf .22 .220 .43 .74{1.09|1.3%] 10.28
TWIN FALLS 2 NNE 27332470 39,91 49.2] 5Te4] 6%444{ 729 69.9{ 613} 510/ 38.1] 31.6] 49.6) 1.na] 70| <04 .93 1.00] 79| .24] .17 .69 78] .92| .06] B.74
TWIN FALLS 3 SE 26.9) 31.9] 38,9} 48,3 56.5] 63.6[72.3169.2{ 6U.5 50.3]37,6] 31.0] 48.9{1.02] 72| .87 .86[ 1.0t 79 .21} 21| o8] .75 .93 .91] 8.7«
DIVISION 25.64] 30+3] 38, 2[ B.0] 56.2| 63.04] 72.7[6%.9] 61.0] 50.5[ 37,1 30.1] 48.6f 1.18] 91| +87 .81] .95 .74l .25 .22| .40 .71 .95/2.01] 9.00



_IDAHO, cowr.

Taken from “"Climatography of the United States No. 81-4, Decennial Census of U. S. Climate’

IDARO %=

* NORMALS BY CLIMATOLOG...AL DIVISIONS

TEMPERATURE (°F) PRECIPITATION (In.)

STA,HONS san | sen | man | aem | mav | sume | sur | auc [ seer | ocr | wov | oec | ann | san | res | mar | are [ mav | sune | e | ave | seer | oot | wov | pec | ann
{By Divisions}

NORTHEASTERN VALLEYS
CHALLIS 18,4 25.0] 36.2] 44,.7] 52.9] 59.71 68.1] 65.9] 57.5) 47.1] 32,4| 23.0] a6 1] (08 (33[ .35 .83 1.11[2.18] 58] 53] <60 .48 .31} .47 6.93
MACKAY RANGER STATION 16.9) 21.2{ 30.0]| 42,4] 51.0] 58.1] 66.08] 64.6] 56.3| #6.0] 30,6} 21.6] 4211 81 68 56[ .62] 1.09[ 1.26] .85 T T1| .6A 58] .70 9.2%
SALMON 17,91 2647 35,1 05,7] 53.9) 68U+ 2} 67.8] 63.6( 56.6| 05.2] 31.8] 22.5( 44.0] +56] +50] 453 .54 1.38]1.35] .81 .56 472 .56] 63| .59 8.93

DIVISION 16.7] 2246] 32.1] 43,2[ 51.6] 58.2] 66.2]| 64.1] 55.6] 45.5] 30.8{ 22,5 42.3| ST 25| <46 601 1.25] 128 91 .67 <70 .66] .a6] .58 B8.39
UPPER SNAKE RIVER PLN
ABERDEEN EXP STATION ° 21.2] 26.2] 35.5] 46,0 56.4] 81.6| 70,2] 67.8] 58,7 4R.0f 34.3| 26.5] 45.9] «TB] 50 T <T6 91 <B1] 31 36| .48 T2 .67 TG 7.87
ASMION I S 183 21.7] 27,9} 41,4} 51.7) 57.6] 64.5| 62,5] 54.8] 45.4] 30,3[ 22,1 #143{ 1.82[ 1,77} 1.309] 1.04{ 2,45 1.9 .B2] .93 .94 1.35 1.56| 1,089, 16.89
BLACKFOQT 2 55w . . . . . . . . . . . . o |1.00] .80 .86 a4l 1,12(1.13[ a0 51 .64 .82 .88] .92f 9.90
DUBQOIS EXP STATION 17.8{ 21.2] 28,5 82,3 52.2] 39.4] 69.4] 6T.4| 58.0{ 46.2] 30,7 22.6] #3.0[ -89 T 69 79 1.02[1.79 .67 T8 T .82 .69 .92} 10.94
FORT HALL [MDIAN AGNCY 2247 2746] 364 1] 46.4] 55,11 62.1] 70.6| 68.2] 59.6] 69.2] 35.0] 27.2] a6.T7] B8] LTO] .73 .89 1.14] 1.22) (020 - .37 .70] .88] B} .76 9.68
IDAHO FALLS FAA AP 19.3F 24,2] 33,2} 45,2} 53.9} 60.5] 69.2| 66,9} 58.0] 47,31 33,0] 26.5] 44,61 +89] T1 <66] 66] 9811131 .46 .50] .63 .63 621 .60 8.67
IDAHO FALLS 82 KRw 13,5 18.9] 29.3] 43,1 52,7 59.8] 69.1] 66,6 56.1] 66,1| 20,1] 18,8 &1.7| 55 .49 .46 .49 .80] 1.24] .&8] .49 .63 .41 .33 .61 7.02
1DAHD FALLS 46 W 15.4] 20.4] 30.0| 43,3] 52.56[ 59.8/ 69,0/ 66.6] 56.5] 44.9| 29,81 20.8] 82.8| 73 LTI 62 .51 1.10[ 1.09] .28] 48] <35 .68 .4l .59 7,37
POCATELLO WSO 22.3] 27.2] 35.8] 46,5/ 55.3] 62.8{ T2.6[ 70.1] 60.3] 49.1] 35,0{ 27.4] 47.0{ 3.21] .92[ 1.0n2] 1,060 1.13] .96 .51 .55 .61 .86f .99 1.00|10.85
SUGAR 17:5] 21.5] 29.9] 63,8 52.6| 59.3] 66.6| 63.9| 55.6] 45.5] 31,3 22.7 42.5|1.12[ 1,15 89 A0 1.13] 1.42] L51| .62 73] .78 .88|1.21} 11.24

OI1VISION 19.6] 26,1] 32,6 66,6] 3.5 60,5 69.1] 66.7] 5T.8| 47.2| 32,6) 28,5 84,4) 1.031 .89 82} <85 1.18] 1420 I.)O #5381 «85] +81] «BD] 96| 10431
EASTERN HIGHLANDS !
DRIGGS 17.3 21,1 27,1 38.6] 47.9) 55.9] 63.7] 62.1] 3.7 43.6] 29.0] 21.9] #0.1[1.a1| 2,40l 1,17 1 10] 1aT4) 2,05 .86 2.22[1.00 l..29 1,05/ 1.39{ 15.79
GRACE 18.9] 22.5 29.6f #41.5] 50.5] 574 65.8] 64.3] 56.1] 5.7 30.3[ 23.5] 42.2{ 1,14 1,27} 2013[ 1,36] 1,E1] 1,45 78] 91 1.04} 1.13}1.10] 1,13/ 14,20
LIFTON PUMPING STATION | 17.4] 1944} 26,7 40.5] 31.2] 89:0] 6649 6444 5546] 4648 31,11 23,31 A1.T| +68] 67 77102 1.16] 9% .58 .75 T8 .91 .68] .68 9.62
MALAD 2207 27.2] 35.8] 86,4] 54,7 621 71.0] 69.3] 60.4[ 89.3] 35,1} 27,3} 66.T[1.51[ 132] 11| 1220} 1238 1025] 274 .79} 90 .98/ 1.25[ 1.53] 13.97
MONTPELIER RANGER STA 17.8[ 20.8| 28.0! 40.8] 50.3| 38.0[ 66.4] 64,6 55,6 06,8 30,6} 22.6] 41.7[ 1,15 111} 1.28] 1,38} 1.66[1.48] .65 .08 .9311,16(1.08[1.17|13.67
QAKLEY 2745 31.9] 38. 0] 47.2| 55.0] 62.0 71,3} 69.2]{ 60.7] 510} 38.4| 317 48.7| o482 169 .84{1.08] 1.37f1.07} <62 .57 -.61] 78] .80[ .83 10.08

DIVISION 19.11 23,0/ 29.9/ 61.6[ 50.7 57.8] 66.3]| 64.5] 56,0 45.61 31.4] 23.7] #2.5]1.37] 1.29] 1.26] 1.27| 1.64[ 1,60 76| .92] +96] 1.18|1.19] 1.62 lA-B.Z

I?.l II.B ,1.3 ]

® Normals for the period 1931-1940, Divistonal normale may not be the arithmetical average of
individusl starlons published, since addittona! data for shorter period statlons arc used to obtain better
areal representation,

CONFIDENCE - LIMITS

In the absence of trend or record changes, the chances are © out of 10 that the true mean will lie In the interval formed by adding and
subtracting the values in the following table from the mcans for any station in the State. Because of the wider varlation in mean pre-
cipitation, the corresponding monthly means ond annual mean must be subatituted for "p" in the precipitation table below to obtain
mean precipitation contidence limits,

1.1 ll.l Il.o] .8 i .5 ’ .8 '1.1 ’1.3 |1.§ | .8 '.JN,{.zon].2N'p].21J4.2N4.2w4.2w4.2#4.2N4.25J4.2544.1N,4.2Np

COMPARATIVE DATA

Data {n the following table are the mean temperature and average precipitation for Moscow (Unlversity of Idaho), idaho,for the period
1906-1930 and nre included in this publication for compnrative purposes. ’

‘26.9 [31.5 (35.3 145.8 |52.6 |59.4 l67.6 ‘66.3 [57.1 |48.3 137.7 %29.3 |s6.8 !3.03‘2.20‘2.09I 1.50] 1.71| 1.32‘0.57‘0.74' 1A15l 1.53‘2.91'12.5512iv30_
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gt




Mo T |\

*NORMALS BY CLIMATOLOGICAL DIVISIONS

Taken from "Climot‘ogrophy of the United States No. Bl.4, Decennial Census of U. S. Climate"”

. . .
L _SHONTANA . TEMPERATURE (°F) PRECIPITATION (In.)
ot STATIONS = ™~ -
= (By Divisions) JAN | FEB | mAR | aPR | maY | JUNE | Julr | auG | seri | okt | Nov | oec ANN  JAN | FEB | mAR | APR [ mAY T JUNE | JulY | AUG | SEPT { OCT | NOV | DEC | amn
WESTIRN
. vDARBY 2503] 29.6] 35.6] 48,5/ 51.8] 57.6] 65.1] 63.0) 554/ 467 34.8] 29.1] 449 1.29] 1,29/ 1,13 1,01) 1,75 1.86] .B2| ,78)1.23] 1,24/ 1.67] 1.62] 15,69
¢ " ~EAST.ANACONDA 22,0 24,9} 30.0] 00.,6] 49.9] 56.4] 66.5) 64,7 55.4] 45,4l 31, 9| 28,8 a2%8° .72l (e8] .92] .95/ 1.67| 2.48] 1 20| .96 1.17] .07 .84| .76]13.22
| ~—FORTINE | N 1949} 245} 32.9] ©2.8] 50.9] 56.7} 63.0] 60.2| 52.8] 43.1} 30,7] 24,7 «T29 1.46] 1. 11 14150 1,23 1.82] 2.42[ 1,13} 1,271 1.32] 1.57] 1,55} 1.60| 17.63
i ~ANILTON ) 2648] 29.3] 36.9] 06.7] Sa.6] 60,3 68.2] 66,1} 57.7] 6744} 36,5 28.5 aBZF .86] 88| .67 .74 1,61 1.85] .79 .64l 1.04]1.02] 1.08]1.08} 12,22
w—HAUGAN 3 E 21.8] 26.4{ 33.0[ 42.4] 51.0| 57,0 82.9] 60.9| 54.1] 45.0] 32,4} 26.1] 4278 4.27] 3.43] 3.07) 1.89] 1.70] 2.28] .78 .83 1.67] 2.84]a.00] 4.66] 31.32
“MERON 2 N 2442 28.2| 34.4] 064.1) 52.2] 57.5 66.0] 61.8] 56448 46.9| 33,41 20,4 44,0 467 1.7} 3.29] 2,00 2.23) 2.58] 73] .92|1.78] 3.18] 4.al] 4.98] 34,34
' =g ALISPELL WSO 1948} 28,5/ 31,8 43,7} 52.2| 58.6] 65,7 63.1| 54.7 43.9] 31,0] 25.0] 2.8 1.37] 1.00] 98] 1ene] 1e57] 2.21] 1.06] 1.09] 1.04] 1420 1.43] 133} 15,02
wI=UIBBY | KE RANGER STA . . . . . . . . . . . | mT=2018) 1,50 1.e1{ Lo0af 1,290 1.66] .62] .90l 1.19] 1,97 2,34{ 2.37] 18,47
. LONEPINE 1 WNW 22.9] 26.2{ 34,7 45,7} 58.2] 60.3] 68.2] 65.9) $T.3) 46.4) 330! 27,8 45.2 1.03] .82] .70] .72/ 1.12]1.62] .61 .62 .88|1.0601.20[1.08] 11,46
——NISSOULA 2 WNW 22.4] 27.8) 6.0 66,4} 54.6] 60.5 68.3] 66.3] 574} 66.2 33,4 26.8] 45.5 .89 .74 .65 .96 1.82] 1.99 .9 .75{1.06] .96 .93|1.1212.78
FmisouLA WSO 1922 25.0] 33. 7} 44,31 52.6[ 8.5 67.0]| 64.8] 55.4f 44.0) 30,5} 23.5[ 4232 920 .87 .73 .97 1.87/ 1.91 .85 .7201.02] .99 .90]1.08 12,83
.OVANDD 15.2 20,41 28.0] 81,0 48,6 54.6) 61.7 $9.3] 51.2] v2.4| 28,6 20,4 390371350] 1.18] 1.09) ,67] 1.79] 2.33{ 1,00 .88 1.13{1.21] 1.44f1.73] 15,95
“=BR{L [PSBURG RANGER STA B . . . . . . . . . . . L1 oeed L82(1.03] 1017 2.07] 2.93] 1,26) 1,09 1.22] .96 .82 .76| 14,97
PLEASANT VALLEY 19.5} 23.5] 30.1] 0.2) 48.4] 54,2 60.1} 57.9} 50.9; 42.2] 30,3] 24.2] 40.2 1.91) 1.52) 1.30] 1.15] 1.54} 2.08) 1,02] .96] 1,20 1.8/ 2,19/ 2.12) 18,84
¥ “\POLSON 25,1 27.70 25,10 45,1 53,1} 59,7} 67.4] 65.7] 96.9] 46.3] 38.6] 29,7 45.8 1.02] .97 .89 1.16] 1.93] 2.27[ 1.00] .94 1.23}1.29|1.17] 1.16{15.03
-
SAINT IGNATIUS 25.1) 2844] 36,2} 46,3 3¢.3] 60.2] 67.6] 65,6 57.2) 06.9| 34,7 29.7] 46.0] .84] .85 .99 1,32| 2.21] 2,51 ,94{ 1,04/ 1.25]1.20]1.0t] .90f15.10
. .SILVER LAKE . . . . . . . . . . . . ow98l1.10) 1,52 1.76] 2,49 3.18] 1,48} 1,29} 1.61{ 1,29 1.08] .91{18.69 '
STEVENSVILLE 23.0] 27.8] 35,7 45,4 53.2] $9.1] 66.0] 63.7) $5.2| 45,4} 33,2} 27.0] w46 1,07 1.00] .83] .78[1.5211.73] .93 .69 .921 .94|1.10/1.20/12.71
SUPERTOR 24.6] 29.50 36.8) 45,7 53.9] 60.1} 67.5] 65,1) 57.3] 06,8} 36.3] 28,2 43.8 1.66] 1,29 1.7} 1.20f 1.76) 2.04) 78] .77 1.12] 1.50( 1,98 1.60] 16,35
THOMPSQN FALLS PH 26.6] 30.68! 38,1 47,2 55.3] 81.3 69,2l 67.6] 59.8] a8.7 36,0} 30.9] av.sl 2.1 1. 70] 1.80d 1s2l 1.9 1.96] (82] .80l 1.291 2,071 2.41] 2.45] 20.680 ’
\. ~¥EST GLACIER 2141] 24,3 314 41,8} 51.1] 57,0} 66.0| 62.0] 53.3] 3.1] 30,9] 25.7] 2.1] 3.33) 2.92] 1.81} 1.87] 2.36] 3.02] 1.27| 1.33] 1.89] 2.64] 3.06| 3.26] 28.06 ‘
2t
T BIVISION 21.80 25.8] 33.0! 43,2 51.5) 57.5{ 66.9) 62.8| 54.6] 44.7 32.1] 26.2] 43,2 t.ag] 1,07 .38l 1025 1.82] 2,260 ,99 .96] 1.29] 1.63] 1.7} 1.96{ 18,66 P
. .
© * SHUTAWESTERN , ‘
N 1
Y BOIEMAN MONT ST UNIV 20.3] 23,8/ 30.1{ 42.2] 51.3] 57,7 66.4] 64.9] 55.8] ©«6.0] 31,9 25.4] 43,01 -90] .74 1.5201.73) 2.34) 2,950 1,141 0,17} 1.57 1.40] 2.05] .87/ 17,38 i
% *—BUTIE FAA AIRPORT 15.1]19.5] 26.3] 38,5} «7,3] 5643) 62,7 60.3] 51.2 41.6 27,7] 20,1} 98,7 .02 .04 .85 .9nf 1.74f 2,021,200 .03 2.04 .67 .49 .48] 11.40
o wHLLON WHCE 21.9] 25.6{ 32.50 43.0] 51.2| 98.2| 65.9[ 3.7} 55.2] as.1| 33,0 26.3} &3} .uel L@ Lraare temif 2aas) 1016) L83 1.06] L78l Le3] Le1 11034
. ~ERNLS 21.8) 25.1] 31.6] 62.1] 50.8} 57.3] 64.8] 62.8{ 56.4| 45.8] 33.0] 26.9] 3.0 .25 .25 a6l .95 1.64f 2,670 1,080 L96) 1a18| 72| (31 .29] 10457 |
~HEBGEN DAM 11.4) 15.8] 22.6] 34,8 45.8} 5343/ 61.3] 60.0] 51.3] 60.7] 25.0] 16.0] 3675 2.76j2.4112.39 167 2.49] 2.A5/ 1.53| 1.32] 1.45] 1.86] 2,38{2.73] 25.84
~
L ltaa N 16.0] 19.1] 26.8] 38.7] 67.5| 54.5{ 63,1} 61.4] 53.0{ 43.2] 28,2} 20,4 3.3 .33 .29 .55 .93 1.77] 2.11}1.08] .93 .96f .87/ .35 .33] 10.50
NORRLS maDisON PH 25.5) 28.4[ 3645 05.2) 544l 61.4) 70.8] 69.2] 89.9] 45.7] 36.5] 30.3] 4T.2 .74] .76] 1.34] 2,01 2.5%] 3.14] 1,380 1413 2e66] 1.38] .87 J73[17.7) 2
TLOENT 22.5) 27.8{ 35.4f 46.8( 55,5/ 62.3{ 70.21 68.0§ 58.5 48.7[ 34,81 27.8] 46.% . . . . . . . . . . . . H
. SVIRGINIA CHTY 20,8 24.2( 30,2 40.7) 69.5 5643} 85.7] 63.7] 54,7} 46.8) 31.3) 25.0| 42.2 .65] 511,031 1.39 1.R6] 2,57 1.3810.0] 3.22p B 72| L64f13.95
t WEST YELLOWSTONE 11070 1642 22.5] 34, 4] 4.2 51,5 59.6§ 57,1 48.3] 38.0] 22,3} 15.0 35& 2.30] 1.81] 1.88] 1.44] 2.14) 2400} 1,26 Eoe18[ 14170 1.63| 1,79} 2.18] 21.22
- DIVISLION 18.1) 21.9} 28.5] 0.0 49.0] 55.8| 64,1} 62.1] 33.3[ 43.7{ 29.7] 22.7] w0.7 03] 73| 1.0sl 1023 1.93]) 2.4Af 1019 106l 1422]1.05] .01] .83j14.6)
¥ —— N
o RORTH CENTRAL
.. BABB 6 NE * 19.5] 20.9] 26.8] 38.3] 47.6] 53,2] 60.3| 8.5} 50.9] 42.6] 31,3} 25.1] 39.6} 80| .91]1.06[ 1.56/ 2,58} 4,04 1,63 1,74l 1,98} 1,261 1.06] <93119.53 .
~BIG SARDY 16,2/ 19.7| 30.0[ 05.4f 56.0| 62.5[ 71.3] 68.7| 58,1 87.2{ 31,6} 22.3] aa.)| 31 .35] .59] .anj1.84]3.07]1.30[ 1,23 1,00 .63] .e7) ce2l22.08 R
, . BROWNING 19,6 21.3| 27.6) 39,7} 48.9] 54.8] 62.8] 60.4] 52.5) ©3.7{ 31 .0 24.8] 4oTB| .75] .72 .75[1.08{1.9313.25/1.37[2.18{1.36] .91 .80 .T1f14.B) i
. e CMINOOK 13.6] 16.9] 28.2) 44,5 55.7] 62.4) 70.3| 67,2} 57.0] 46.3] 30.1] 20.4] &2.7] .51 .43 .60l .91 1.68] 3,06} 1.33] 1023} 1.06) 71| L3} .52 12.52 "
=CHOTEAU AIROORT 22.0f 24.1) 30.6| 42.2 52.0] 5844] 66.4] 64.0| 54.9{ 46.4/ 33,9 27,0 &3.5( .26 .32 .4e] .74 2.0003.0701.32] 114 1.07) .57 .31 .23 1.5 N
. - e
~*CONRAD A1RPORY 1946/ 2241 29.3[ 62.2] 52.6) 59,3 67.0{ 64.8[ 55.6] 4641} 32.7 231 Lol L61] L99] 1.731 3,03 1.57) La15{ 1.02] .59 .38] .36|12.18
© amSUT BANK FAA pP 17,8} 19,4} 26,91 39,9 50.4] 56,8/ 65.3] 62.6] 53.3| 43.7] 30.2 37 .38] wesl W79 1072 2.84] 1.35[ 1 31| 1.1 L52) .35] .33[11.53
w=DURK {RK 14 NNE 15.1] 18,61 27,4} 40.8] 51.6] 58.2] 66.6] 63.8] 54,0 3.4/ 20,6 37 .65) weBl .82 1,531 2.77] 14391 1,36] 1,031 59| Luc] Jesf 11061 oy
V., =PAIRFIELD 2147 2441[ 3048 42,9 52.3] 58.3| 66,9 6445 56.2] 47.4] 34,1 W30} u36) oS0l L76[1.97] 3,18 1.28] 1,110 108 L4l L38| 264} 01472 h
FORT ASSPNN1BOINE Léeas] 16.6] 27,20 63.3] 54.6[ 61.3] 70,0 67.2{ 56.6 45.6( 29,9 37 L3 w69 a9 1,67 2.76) 1.0f 121 L92] 72| Lwof .37 11.25 wl
.-, N
mHARLEM 12.2{ 15.7) 27.3| 43.6] $5.2{ 61.7| 69.8] 6645 56.2 45.6] 29.2 W51 W51 w66l L79) 1.56f 3.10] 1.an| 1013] 93] .8l .s2| .49]12.30 .
~HAVRE WSO 1391 16.3] 26.9| 43,1 56.7 61,0 70.0{ 67.0] 55.6] 45.0( 29,5 20.9] aZyll -29 43} .60l .9711.5312.73[1,27) 1,10 1.01} .79 .S0] .47]11.89 o
T MALTA 12.0]15.2{ 27.7| 64.8] 56.2{ 63.2] 71.5| 68.06] 57.9| 46.8) 30.0] 19.4| ¥2.8] .s3 .e1f .0l .78l 157 2091 1,33 10260 L99] (74} .e2] .40]11.8e t
S TUPSON 6 NW N . . . . . . . . . . . . W1 e32 J26] 36 .79 1.42) 2.%6) 1,37 1,12] .90 .54} .31l .2%5] 10.20 ,
4, TELEGRAPH CREEK 15.3] 18,8 29.3 64.3] 55.5| 62.7] T1.8] 69,4 58.6] 47.4| 31.4] 22.5| 43.9' .38] .29 .47 .81 1.60/2.78] 1,21 1.06] 1,05 76| .a3] .43)a1.27 b
VALLER 19.8 21.8] 28.6] 1.3} 51,7 57,9/ 66.3] 60.1] 55.5| a6.0f 32.5] 25.4] a2.6[ .28 .35} 50| .93 1.89]3.51 1.5 1,210 1,180 L63] .e0] L38]12.76 .ﬂ
o . .
. DIVISION 16450 19,9} 28,1} 62,48 53.1] 59.5] 67.9] 65,3} 55.7 45.7] 31,0] 22.7] #2.3] .u1] <43) (58] .92[ 1.79[3.0611.39) 1,25} 111 .70 .49] .44j12.%6
’ CENTRAL ~d!
- AUGUSTA 22.20 26.6] 30,4 1.8 S1.4] 57.6] 65.7] 63.6] 55.2] 6.8 33,9 27.5] a3.e] .50] .58l .82]1.052.05 3.16]2.33| 1,24[ 1,240 78] .64] .50 :3.82 l'
. —CASCADE 5 S 24.6] 2641] 32.8) 44.8| 53.9] 80.3] h8.7] 86.06) 57.8] 49.a] 36.7] 30.3] s6.0] e8] .52] .81} 1.17] 2.39] 3,331 1.20] 1,00{ 1.35] .99] .s0] .eal1s.27 )
¢ FLATWILLOW & ENE 20.8) 23.6) 20.9] 62.2] 54.6| 81.9] 7.5/ 69.2] 58.9} a8.0] 30,2] 26,7 FWLA] .31 .38 .64 .05]1.94)3.17) 1,40/ 1,09] (98] .88 .a4] .39 12.57 T
GIBSON DAM 22,7 26.9) 29.6] 39,7 40.2] 58.2] 52.4} 60.5] 52.7 we.8] 33,2 27.8] 41,7 TS| .63 093] 1.28f 2.6} 3.5 1.01] L.uef 1,720 1,230 1.05] B9 17,49
(1 ~GREAT FALLS WSO 2241} 23.8] 30. 7] 43.6) 53.0] 59.9] 69.4] 66.€] 57,4 47.5/34.3) 27.3) 48,7} <61 .74 .920 .96 2.10] 2.90] 1.28) b.26} 1,200 LT3} .75 .60] 14,07 |
. WHELENA 6 N . . . . . . . . . . . . . J36] 029 .37 LT 1.91)2.371,07] .89 B8] .49 .39 .36] 9.68 {
w-HELENA WSO 18,6 23.2] 31.4] 3.3 52.9] 59.5) 68.4] 66.2] 56.0] 8.6 31.6) 24.2] a3.4] a7 .e3) 70l Le3) 1.s6]2.23)1.03] .89 .98 .66l .57 .53} 10.8% 1 1.
~HOLTER DAM 26,0| 28.2| 34.4) 45,8 55.3] 62.2| 71.3[ 69.1] 59.8] 50.5] 38.2| 31.8] T -%4] .47 .6al1.00} 2.08] 2.89] 1.12] .B6| 1.12] 73| 33| .67 12.49 i
SLEWISTOWAN FAA AP 20,2| 22,5} 28.7) 41,2 51.0| 57.5] 66.3) 64,2} 56.9] 65.9] 32.6| 26.1| 42.6] +57 .61] .85 1.00 2.60] 3.87] 1.58] 1.53] 1,44l 1,07} .T1] .69]16.52 4y
~MEL STONE 21.5] 24.9[ 33.0] #5.7) 86,2 64.0] 73.0] 70.3] 60.1| 49.0| 35.2] 27.5] #6.7] .43] .40l .64] .88] 1.74f2.93}1.22 .94 .89 .83 .47 .49 11.90 it
»
—=MOCCASIN EXP STATION 20.8) 22.8] 28.6f 40.9] 50.8] 57.2] 66.5] 6.8} 55.3] 46,0 32.7) 26.8) 42.8] .42} .41 .6u] 98] 2,21 3.43f 1oud] 1.a2) 1.22] 73} e8] .43f13.73 ¢
~ ROUNDUP 23.7] 26.5] 33,7 45.7) 55.8} 63.2| 72.1] 69.8 59.6] 49.2| 36.1} 29.0] &TIV] .29| .32] .s54] .75 1.6¢]2.53[ 1,20 .97} .96 .82] .38] .36|10.93 )
—STANFORD 22.1] 23.6] 29.5{ 41.2| 51,0} 57.3! 66.5| 64.35[ 55.5] 46,17 33.6] 27.6 aFi2| .54 .56 70| .99) 2.30) 3,39 1.65|1,51]1.27] .80 .60] .57] 1a.96 ap
@ WHITE SULPHUR SPRINGS 2041 22.8} 28.6] 40.6| 50.1{ 56,7 65.2] 63.3] 53,6} 4.2 31,2] 24.8 <8l .95 1.17| 1.68] 1.00] 2.22[ 3,20 1.36] 1,45{ 1.38f 1,271 1.19] 1. 11| 18,46 (g
~WINIFRED 18,41 2143) 29.9) 43.7] 54.2| 60.8] 69.8) 67.1( 56.9] 46.2| 322} 2643] €T27| o7 .42 .76 .77 1.76 3.00f 1.46] 1.04| 1012} B9} .57 59| 12.85 1
.
)
Division 20.9] 23.8] 30.2] 62.2{ 51.8] 58.4] 67.1| 65.0] 55.7] 46.0] 32.9] 26.a|/a3.4[] .58] .58] .83]1.09| 2.08}3.0511.3211.17 1,230 9l .70l .63] 14.12 {
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*NORMALS BY CLIMATOLO.

Taken from ""Climatography of the United States No. 81.4,

_AL DIVISIONS

Decennial Census of U. 5. Climate™

TEMPERATURE (°F) PRECIPITATION (In.)

—_ =
STATIONS v : -
‘By Dhli.lionl, AN 134} MAR AFR MAY JUNE sy AUG b 14} oct NOV 114 ANN 1AN FEB MAR APR mat SJUNE Juy AYT | sEPT oct NOV PEC ANN
. SOUTH CENTRAL
~BALLANTINE 21081 255} 343 46,9 573} 64.7] 73.0] 70.6]/ 60431 ¢9.5] 33.1[{ 27,0/ 47.2( .42] .48 .80/ 1.01) 1.6RF2.53] .B&[ .89 1.04) B9 .52{ «48] 11458
816 1IMBER 27411297} 35.1] 65.8) 56.9] 619 10T} 68.7) 59.7] 50.01 37.9] 31,7 STB| .85 .51 1.0% 1,49 2.56{ 2455 <95} 1.10} 1.39] 1.05) 569) 51 1a.d
~BILLINGS WATES PLANT 23.7 27.4} 35.9) 46,90 56.7} 63.9[ 72.1| 69.4] 59.6[ 4944] 36.1[ 28,9 «Tas| .06} .48] .78 1.34] 2.12] 2.80] .84]2.06]2.27 1.26] .59 .52{13.00
~BILLINGS WSO 23,2125.7) 33.7] 46,0] 56.8] 65.1| 74.71 71,9 60.8] 49.5] 39,1 28, 4| &Z.58] .5« .60] 1.u9{1.31]1.88|2.55 .90] .90[{ 1.19]1.09] .63 +59/13.23
E,? w8158y 17.9) 21.7) 33.0) 48,0] 58,1] 62,11 T1.0] 68.91 58,0} 6.9} 32,3 23.,7) #4437 .36 .33} 621 1.15 1,99) 2,421 1.07 1,10 1.08] .90] «57] «ha}12.0)
6 =—CoLuMBUS 22.6) 26+3] 32.7| 5.0} 59,21 62.0] 70.2| 68.5| 59.0[ 4845 34,7| 27.3 38| .38) .85/ 1.50] 2.308| 2,75 .89 .76} 1.2311.12] 60| .44/13,26
E -~k ROW AGENCY 19.9) 24,20 33,6] 486,1) 56.5] $4.2] 72,51 69.7] 59,2 4B.¢} 34,11 25,7 621 L6 1 18l 1,7 to9a) 20591 B4l L9951 3.290 1,23 LT4 .T74] 1e,40
~HUNTLEY EXP STATION 20.3[ 23.3} 32.4| 65,1] 55.5] 3.0 71.2[ 68.A| 58,4 47.8] 33,8 25.6 «38] 48] 77| 1.06] 0,77 267 J76] .85]1.06] .93 .s52] a7 1]1.48
b fVINGSTON 2545 28.0] 2343/ 43.7] 52.6] 59.4] 68.6) 66,6 57.4| 48,2 35.6] 30.0| 251 W49 .92 1.21]1.98] 2.25{1.07 1,18} 1.40] 1.08] .66] .63]|13.38
PYSTIC LAKE 23.9] 25,1} 28.9] 38.6] 47.5] 54421 63,41 62.0] 53,6} 45.1] 33,0 27.9 1,25 1o16f 20348 2.64] 3.24] 3.39) 2,008 1.77] 2401} 1.53]1.37] 1412} 24.02
RAPELJE 4 § 23450 2549} 32.1] 43,4) 53.2] 60.5] 69.9] 68.2] 58.4] 480} 34, Tf 28,6] 45.5] &5 .47F 821 1.1B] 2.15{ 2.72) 1.0U2] 1.05|1.12) 1.00] .58] +36}12.9%
~=REQ LODGE 21.7 23.a{ 28,4} 39.2] 48.9] 85.8] 64,7{ 62.5] 53,7 as.7 32,00 6.7} a1.8] B2} .79 1.7112.€50 3.07) 2,200 1.39) L.160 171} 1,42} 1.200 .69] 20.02
DIvISiOoN 2242] 2542} 3242 04.0] 53.7[ 8101 69.7| 67,7} 57.8] 67.9] 34,2| 27.1] 45.2] .59 .59 1.06]1.91 Z.l(; 2.64) 1,111 1.06] 1.31) 1,13 73] .62]14.49
NORTHEASTERN °
=CIRLE 7 N 131 16.50 27,30 42.8] 34.1{ 62,01 T0.N[ 67,8 56.9] 45.5] 29.6] 20.5 42,21 .27 .221 .34l .91 L.e50 2,930 1.840 1.22] .93 .63 .36 L25011.33
~CULBERTSON 9.5/ 13,4 25.5] 2.6 54,9} 62.8] 70.5 68.2] 57.2| a5.3] 27,9} 17.5] &Led| .36f .29 62| .94 1.60]3.36{ V.79 1.89) 1,08 .76] .a5] .32} 12.84
=P RAZER Nolf 12,4 25. 0] 43.1] 55,2} 62.8) 71,2} 68, 7| 57,9} 65.4] 27,71 16,7 81.2] .47 .41} .69 1.09 1.4B8] 3.19]1.59) 1.35] 1.0k .67 .ub) .38] 12.82
~GLASGOW WSO 9.8l 13.6] 25 7] 63,40 55, 1] 62,3 70,7 67,81 56,7} 4541 2B.2{ 17,7 AT.‘ 68 Joul] 56| 1.01] 1.0902.98[1.33] .49 .96] .6&f JAT[ .45012.27
w-GLENDIVE 152/ 1847 3045] 4645 58.4] 66.3] T4.7| 72.0) 60.8) AR 8] 32,5] 22. 0] o «39] .39 .62/ 1.03[ 1.60] 34171 1.73[1.88] .90] 72 Al «30[12.73
HAX8Y 18 Sw 16.1] 19.0] 28.9] 43.8! 35,10 62.7} 71.8] 69.5 s8.5] a7.7} 31.0] 23,0 4.0} .o3] .38 .67 1.12l 1.62]3.26[1.32(1.371.10] .74l .30l .41[12.90
JoeDan . . . . . . . . . - . . . 2340 .29 252 91| 1.38)2.46f 1.2201.05[ <79 .64] 3T 36/ 10.31
LUSTRE & NNW . . . . . . . . . . . . . «28] W24] o3F JBY) 1.38)2493] 1.7u11.60] 499 551 .31} <22 11.82
MEDICINE LAKE 3 S - . . . . . . . . . . - . o3 290 .36 .92[ 1.55] 3.30] 2.0¢{ 1,48} 1.06] .69 .47 .30[12,77
—POPLAR 9.4] 13,8} 26.5] 04,2] 56.2]| 63.9] 71.8] 69.2| 58.4] 46.3] 28,7} 17.8] 62.2] 30 .30 L46] AT 1.6T] 30191 2.2151.98 .93 .6a] .38 .29 12.50
TEAVAGE 12.8) 16.6] 28.2] 84.4{ 56.3] 66.3( 72.0{ 69.5[ 58.7[ 67+0{ 30.3| 20.4] A3, 8] ot 31| <560 1.18[ 1.61{ 3,301 2,09] 1.54[ 1.10] .66 .42 «26[ 13481
-V [DA 12.6] 15.8] 26.6] 3.3] 55.2] 62.5] 71.2] 69.2| 58.2] 46.7] 29.7] 20, 5] 2.6 «75 (64l .85 1.32] 1.70] 3.42{ 1.9 1,36]1.10] .88 .71 .60 15.24
DIVISION 10.8) 15,3] 26.2{ 43.0] 95.1] 682.7[ 70,9 68.6| 57.9[ 45.5| 28.8] 18.5{ 41.9 .e0] 35| .52 .96] 1.53] 3.09[ 1,84[ 1,49 1.00 .68 .a3| .35{12.66
SOUTHEASTERN
—\ B AKER . . . . . . . . . . . . =N «38) .239] .59) 1.00] 1.67] 3,260 1.81) 1.37) 1.Vl 72 .37 29} 12.8%
—~—LOLSTR (D 21,60 24,5 32,0 44 8l 55.1{ 63,51 72.6] T0.5! 59.8{ a8.6] 34,4} 26.8] 46,2 58] (60l 1.00] L.oel 2,261 2,94} 14231 1,221 1.191 1,220 .64 <59t 15.13
- KALAY A 17,9 20.8] 29.8] 43.1{ 54.0] 62.8] T1+6[69:8| 58.7[ 470/ 311|237 aA.1 <60 .35 .62/ 1,11 1,95 2.96{ 1.90} 1,39/ 1.01| .74] ,a5] .38§13.22
M | LDRED 15,5 19.0] 29,8} 44,8 56.4] 64.7) 739 71+ 59.6] 67.7) 31 .7) 22.4] #8.7 .38 .31} 56| 1,05 1.8n) 2,841 1,64 1,34 B .77 .a3 €331 12,38
wMILES CLIY FAA A(RPORT 16050 20473 30,9 45,70 57,40 65.6[ 75.3| 72.6] 61.00 49.0] 32.6] 23.2 bsa sl 370 a8l 1a06) LTI 271110340 10240 .96 L8 (e3] L37f12.17
~PLEVNA 16,7 17.4] 2721 82.7) 54.3) 62,5 T1.5) 69.7) 58.8] 854 30,0f 21.1] 430 -39 .29 58 1.1 168 2.95 1741 1,22] <97 80} +811 «32 124860 .
DIVISION 17.8] 21.9 30,4l as. o} 55 el 63.6) 72.4! 70.8[ 59.2] 67.81 32.2] 23.8] 44,9 .a3f L3¢] 70 1.07] 1.88] 2,80 01.48]2.17] .95 .88 .52 .s1f12.79
*  Narmalg far the perfod 1931.1080. Divisional m } be
I\m:l.vlmual lu:‘l‘on: published, gince addistonal data for s;‘;f—'.':,‘v:'.ﬁa":'-uoﬁgﬂxlﬂfﬁ'ﬂuﬁffﬁﬁﬁ
- H Teprest ion,
presemaion CONFIDENCE - LIMITS
In;:xe nbAscncc of trend.or record ctjanges, the chances are 9 qut of 10 that the true menn will lie in the interval formed by adding and
su Arafztmg the values in lrne following table from the means for any station in the State. Hecause of the wider variation in mean pre-
cnpuuuon,l(hu curres,»o'ndmg monthly means and annual mean muat be substituted for "p" in the precipitation table below to obtain
mean precipitation confidence limits. *
. { yord ] ol
*v12.6)2,1)1.2]1.0]1.0) 9] .5] .6)1.0}1.0]12.2]1.5; .5 |.16Jn.15n.15/0. 19V0. 25/0. 24/n. 210, 26y, .27\[}1‘.25]1.20] .1&['.22:\1;
veslz.zlzs 152212 of 8] 7101} 03 117020 .7 | 1sVp. 14401, 28V 23, 2] 32+, 280, 254, 20Vp]. 25+B]. 19+H. IWH. 245
e 8

Western and Southwestern Divisions
Al Qther Divisions

COMPARATIVE

e
DATA :

Dato in the following tahle are the mean tempernture and avera ipitati
o E p 3 ge precipitation for Bozeman Agricultural College, Monta
period 1806-1930 and are included in this publication for comparative purposes. 8 ne. for the

lis.4 k3.0 bo.4 l10.6 1486 157.0 l6e.5 l62.5 I52.9 l42.7 1.4 |21.3 412 [o.03lo.71]1.14]1.6903.08]2.57]1.5a|1.18]1.0611.671.15]0.00 18 51 .
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*MEAN TEMPERATURE AND PRECL ._ATION

JANUARY | FIERUARY MARCH APRIL MAY TUNE JULY AUGUST | BEPTEMEIR | OCTOBRR | NOVEMBER | DECEMEER ANNUAL
§ H i i : H
sTATION i g i i g I g g i g .
i i § i AR ARARAB AR ] i P1E] 3 '
. .! Z - - 2 - 2 - 2 rg ' [ & - 3 - 2 - - - g [ .
MORTRVESTERN
CARSQN CITY .7 2.21| 3s.0) L7ol ar.zg 1.asl ] Lsel ssa s1.0] .38l en.a} .18l er.8] 0slera| .29 si.4l .70l 40.2]1.34]34.3)2.48
DIPIRE 30.2] .s3| 35.4] 79| a2i0] .32} s1.0] les] 227 66,0 .36[ 763! .37]7¢.0] (23| esis| 18] seia| so| «0i3] “isel 33is| “les
FALLOX EXP STATION 9.9 .87| 38, .66| 43,1 .55] 50.4 .51 51.3 64.2 .42) 72,4 JAT) 09, .12] 02:0 201 51.7 .50 .38 22, .68
QOLCONDA .68 .60 .70 83 .6 216 .08 ‘22 .38 .89 .80
INLAY R .88 .80 w61 .87 19 110 .1 .69 .58 278
LAHONTAK DAM a.8| 47] 38.7] 58| 43.6] (34| s2.4] 37| e0.3 67.0| .39 17.0| 11| 7e.3{ 11| er.0| ‘24 s3.6} 40| 42.3{ 30| 34.7] i38
LOVELOCK 30.0f .B3| 33.8] .71 42,5} (b4) 31.1| 33| 0.0 68,11 .62 75.1] .13 73.5| l14] 84.7{ .20} 53,2} .s¢| ¢0.2] .42| 33.2] .85
MINDEN 30,8 1.26| 35.7| 1.26] a1l0] .m] e8.4| Isel 833 62.0] .48]6s.5| 32| e7.7] (21| 0.8 17! 81.2] 36| 40i0| .83{339] 187
OROY, 1,14 1.14 1.04 1.25] 1.3 .28 .11 . 40 1.03 .96 1.2
PARADISE YALLEY 1 N¥ 1.37 1. 00 +70] .86 .82 .22 .14 5 .88 .00 1.15
RENO ¥B AP 31.3] 1l04] 38.3] 1.03] s0.6] 20| 47.7] 6] 3s.3 61.5| .42] eo.6| 23| 67.4| 23] 60.5] .22| s0.7| s3] 40.2| le4]33.2] .pe .
SAND PASS 29.17) 1.01] 33,4 .80 42.4 .33} 50,8 .47 87.7 84.7 .481 13,1 181 1.0 .071 63.5 .191 532.9 451 39.8 .63 ) 33,11} 1.3) 5.3 6.3
SMITR .88 .98 .57 .49 .84 .34 .26 .15 49 LY 1.32 T.34
FINNEMUCCA ¥B AP 21.8] .os| 3e.3] 1.01| 39.4] (66| es.8f 03 s3.9 o4.0] .78} 74.3] (31{ev.7| 10| sp.0| .34} 4p.6| .79]|37.8| 84| 30.0{1.00] e9.1| 818
YERINGTON 30.9] .se] 3si9] .58l a1.1] [a1) 40.6] (37| 383 s2.8] .s0] 70.3| .23]esi8] 18] e1.3| ‘22| 31.3] a9l 30l4] las]32i7| .e3] sol1] sim
pIviston 29.9] 1.13| de.8) 98| 39.6] .83| «s.2| .6z 35.3] .75| 62.3] .s8) 71.4] .m)ev.a] .1e]er.0| .31]sizl 63| 30.6]l s1|32.6{1.a2] .7 00
KORTHEASTERN
ARTHUR 3 N¥ 2.08 1.70 1,67 1.41 1.58 1.24 .37 .43 .33 1.11 1.47 1.63
AUSTIN 27.9( 1.21] 30.5] 1.22] 35.4] 1.50| 43.7 1.35} 51.3] 1.33{ s59.2 .BS5[ 70.0 .57] 68,3 .48] 60.7 .40] 49,51 1,11} 37,6 91| 31.7] 1.34
ELKG ¥B AP 21.8{ 1.07( 28.4 .98¢ 36,4 .80} 44.6 L9831 53.0 .85 0.3 .704 10.2 .37) 67.8 L3291 81.8 391 4% ¢ L8111 34,5 L9371 26,9} 1.0
~=ELY ™ AP 33.0] .vel 201! .00l 3.3 1.20] 43.7] 1.20] s3.7] 1018] selel .s0| es4] (33| esl3] [se| 37.8)] .es| «ei9| 82| 3s.2' leo)26i0| .68
KINBZRLY 24.3] 1.35| '27.0] 1 38| 32Is! 1e1]| 42.6; 13s| s0ls] ee) 3901 87| ee.1| .o0] se.0| .s8| ss.a]| 71| «7.8) .00| 3s.0| .87] 28,0} 1.38
LAMOILLE PB 28.8! 1,46 28.3| 1.56] 34.8] 2.01] 43 4] 2067) s102] 2.17] s8ls) 2 48| s0.2] [7a] 67.4) 30] se.1] 78] 48i4].1l48] 36,0 1.61] 28.7] 1. 72
—NC GILL 26.0] .70 20.8] “_ee| 3s.6] .77| «4.8] 1.02] 33.3] sof e1.8f .es| 71.4| 70l s9.6] (74| s1.1] .32| 49.4| 79| 36i0| 60| 20.0] .70
MONTELLO 23,3 .s7| 2a.5| 38| 37.2] .26] 6.9 3| 3.1 (76| ea.s| .es{ va.4l lea)eeis| [aslse0] (37| 4s.0] lea{3dle| 61| 2770] le0 .
owYEES 1,39 1.19 1.23 1,35 i.64 1.22 L38 .23 10 1.08 .08 1.38 12,83
DIvISION 2¢.1] 1.13] 28.3]  .e8f 34.4f 1.03] ea.8[ 1.25] s1af 1.12) sa.af .es] es.af .31[es.a| .ax|s7.7| .ea] @r.¢| 76| 3s.a] Leaf37.4}1.21|%5.2) 1048
S0UTH CENTRAL
ADAVEX 28.8] 1.34| 31.1] 1.38] 37.0 1.30] 8.0 1.13] s3.7] .76 e1.8/ .35| ee.0] 1.02] 67.0] 1.15] 61.4] .33]| 0.2 .ve{38.9] .e7]|31.0] 1.39]| ea.2]13.00
CALIENTE 30.0] .28[ 35.7) .Bo| «3.6| .e2| s2.3] 74| c0.5] .s1| esaj 38| 76.0{ .e«| 74.0| 1.08] 66.1| .33| 341 .8s| s1.7| [e3| 334l lep| s3l0| o.n1
e 31.8) 34 36.6] .28l 433 31] s2.0] a2 so.s| «of esls] .27]| 78.3| 26| 73.7| 23] es.e] 34| se3] l30] ar.8] [21] 343) 34| s3i8| 3w
scuRz 32.8] e 37.3) (57| 43ls| Cae] 3303] as| se. 63| esis! .43 73l¢| oy 7alz| 19| e3ie| .20| 33i7] es| @als| eo| 3¢i3} e :z,ai 5.39
DEviston 3v.8] .57] 34.3] 53] 39.7] .62] 49.0] .e4] se.8] .37 ee.al .24] 73.4] .08| 71.3| .33} es.8] .38]| s2.7] .ea]40.8| .48 338 '"Ct so.; e.23
EXTRENE sau:rml
ALARO .71 .74 .58 . 40! .18 .80 .83 .33 .47 .38 .69 L]
BIATTY ‘13l .54 Y lag) om K .28 e .30 o .82 .
BOULDER CITY 43.2 .60] 358.4¢ .53 63,0 .38| 713.9 .13| 82.2 .06 89,3 .62 67,0 68 81.3 .32} 88,0 .24 5.3 .28] ¢7.8 .81 88,9 5.3
LAS VEGAS ¥B AP 4.2 .ol se s .33 es.6] .24 14.1] .16} 83.8| (13| so.s| «¢| ss.a) 33| e0.7| .34[e7.4| 32| saie| 32 ecl0] 38| sel8] 4l3s-
SEARCHL]GHY .86 .85 .38 .13 .10 1,10 1.07 . .41 .41 .95 7.9
DIVISION 42.7 .87 47.3 .51 83,3 .49] 63.9 .28} 710.7 .14 78,6 .09| 86,3 48| 84.2 481 77.3 L3681 85,3 .28 32.4 .33] a¢. 8 .52 4.8 4.6

¢ Averages for period 1931 - 1933, except for etations marked ¥B which are “norsalas” based on period 1921 - 19850,

Oivinional weans may not be the srithmeticel average of ig.

divichial stations published, since additicnal dsts from shorter period stations are used to obtaln better areal representation.

CONFIDENCE LIMITS . N Lt o by adas nd
i tervat facme adding
Ju the sbrence of trend or record changes, the chsnces s7® 9 out of 10 1hat tde true mean sill lie dn the o !
subtracting the values in the following table from the mcans for any Atation io the State. Decause of the wider vn;::t\rm lnbtc.:n :::n
cipitation, the corresponding menthly mecans and appusl oesn must be Bubstituted for “p” in the precipitation table belos to obtain
precipitation confidence limitm.

! | ‘ ‘
2.2 276 1.8 Lans| 2 L2evhf i Laavsla L2evbi i |246) L6 [224| L7 27k [0 2945 1.0 :.25~[n 1.2 ].25,/; 1.8 2146 | .5 1204
\ 1 .
'
COMPARATIVE DATA "
Dats in the following taeble are the mean tonperaturé and average precipitation for Fallon, Novada tor the period 1906-1930 and are included
tn this publication for comparative purposes:

|
* ]
.51 87.3| ,50| 65.3] .32{73.5 A8 1730 .27 61.0, .33 |50.4 .37 39,0i

30.0{ .60]36.7] .43 43.3{ .42]50.2 .33{31 .4 53] 50.8 | 4.8
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Taken from ""Climatogrophy of the United States No. 81.4,

@

*NORMALS BY CLIMATOLOGICAL DIVISIONS

TEMPERATURE (°F)

NM -y

PRECIPITATION (In.)

Decennial Census of U. S. Climate”

- NEW AEX /1O

sl'Afl'llolNS Jan | bes | omar | At | omay | JuNe ] suty | AuG | SErt | oCT [ NOV | OEC | ANN | JAN | FES | man | are | mav | sune | sty | auc | serr | OCt | NOv | OEC | ann
(By Divisions}
NORTHWESTERN PLATEAU 1
AITEC RUINS NAT MON 29.00 36,0 41.3]50.20 58.6] 67.2] 712.8] 7T1.9] 64.7] 53.6] 39.2] 31.2] sb.3] 76] (76| 79| .60] .67 .as] .96[1.32]1.12[1.09] .49] .86] 9.82
~—BLOOMFIELD 3 SE B . . . . . . . . . . . W | e | -52l .67 .59] .St .63} .33] .e1l1.32] .87 .93] .a4l .60} 8.22
~—2UNl FAA AIRPORT 29.4[34.1[40.1[%0:3[56.2065.3)70.8{69.2{63.1]152.2]39.1(32.0, 5&:0 «?9] o83] ST L63[ -45] .46[{1.68{1.81{1.09(1.03] .62 77 20.92
. DIVISION 27.8]32.6[139.2}48.2[56.8/66.1171.9|70.0{063.2|52.0; 38.0 ]0.1‘ B9.7> <76) .81 79| .64 .6&] L4T7{1.42)1.78|1.13]1.02] .60 .79|10.84
NORTHERN MOUNTAINS
~A8BOIT 2 SE . . . . - . . . . . . . . 0321 23] 042 L7701 2.19|1463]2:51] 3423100210429 431 2% 14,69
~BANDEL IER NAT MON . . . . . . . . . . . . . «T9] 78] 941 .86[1.36| <B6}2.258)2.60f1462]14l1 .00} .08]15.26
"-BLACK LAKE . . . . . . . . . . . . . 2620 +55] «96{1.15[1.89]1.50]2.84]3.28]1.49{1.3%5 .62| .43 16.68
"ALLRRO & NE . . . . . . . . . . . . . 64 60| <581 L9TH1.34[ (BTI1.70|1.92j1443{1.19] 61 .61f12.48
LHACON . . . . . . . . . . . . o | 1ad1) L78]1.07|0.22[1.82]1.46]2457]3.T73j1475]1429] .90 .91]19.01
~=CHAMS . . . . . . . - . . . . o [1-80[ 1o6T 153 La37|2040( ~9211.58]2.32/1406]1.57] .96i1.63]18.%9
= IMARRON 32,2/ 35.4140.5/48.8|57.0]66.2]69.8]68.6]62.3]152.6{40.1]34.6] 50.06) o42] .45 «67{1,20(2.21} 1061|2222/ 2531 1436|1.2&] +60] o34] 14.65
~DES MOINES . . . . . . . . . . . . = «350) 47| .08[1.4602.55]0.791 3,07 3026 1ebh)1.25] L0650 .39(17.91
~EAGLE NEST . . . . . . . . . . . . . eT3] oT78 +92]1.06]1.62]1.08]2.58] 255 1427 1a1b] .T5 59 14,97
=~EL RITC . . . . . . . . . . . . . AT BT[] STTE JTS[1e16f «69] Lo6Of Fa99[ §e33[ 112 .55 62f11.99
~—JEMEZ SPRINGS 32.9036.4{42.1150.6{%8.2}66,8]70.8169.3|863.9|53,7)41.8{35.0| 518 «088] .9511.05]1401[1.32010.33!2.46]3.16]2.02/1.75} .87} .88} 17.68
wmkAS VEGAS 2 NW 32.3[35,8] 40,5 4Ba6|96.5]66.0] 69,01 6B8.1[618]52.3] 40.3] 3645 5_5- %] .65 07| 78] .9111.82]1.76}2.58]2.74)2.16]1.09] .54 .4&]15.9%
. 05 ALAMOS . . . . . . . . . . . 78] o6&l .88] .92[1.35[1.38}2.73]3.9211.69[1.65 .70} .03|17.67
ECOS RANGER STATION . . . . . . . . . . . . . «58] «68) 98] 8014256/ 2.1912+79]3.07/ 1a73} 115 A9 68 15.5%0
““PENASCO RANGER STATION . . . . . . - . . . . . o [1206[1.02]142001e14]137] .99]3.98[2.30|14356/1.32f 87 .82[15.19
RED RIVER 19,4} 22.2128.2)37,6}65.1]53.5{58,1| 573/ 51.5]62.1/28.9;21.7 3B8+8/1.07[1.10]1.35/1.60§1.8011.26]2.56]3.07[1,49}1.067 .98 .93 18.66
~SANTA FE 29.9]33.7[39.2[%8.1{%6.T[66.5{70.9608.7] 62.9[52,0§39.0|32.1] 89.9 .69 <69 797 83} 1e37[1414]2.19]2427]1040]1.05 <60] 70|13.76
~$AOS . . . . . . . . . . . «B82] .72} <79 .92]1.20] .76)1.58]1.77[1.101}1.13] 7Y .57 12,08
FJERRA AMARILLA & NNW . . . . . . . . . . . . e Jle1 1.06f1a06}2415{3220] <91 1aB5] 24231 1.60]0.19] +88]1.24)15.80
TRES PLEORAS . . . . . . . . . . . . . 8% .86] 76| .85{1.10| .59 1.93]2.32|1.36]1.05 %% .80[13.17
VALMORA 30.7} 34.0138.7[47,2| 55431 6a.4| 6B, 71 6Teu] 614451, 38.6] 33.3) 49.2] 45| 31| .59 89]1.93]1.74}2.79{2.89[1.82[1.30] .5% .4l)15.67
«¥OLF CANYON . . . . . . . . . . . . o | 1ol 1.77]190|2.50] 14451108} 2.91}3.20}2.14{0.62|1.1641.51]21.92
DIVISION 26.7]30.2] 36.0{ 44, 8] 53.0] 62.1] 66.4] 65.1] 50.9{ 4B8,6] 36.0 29.2] «6.6 81| .80| .95[1.12}L.6511.24]2.39]2.76] 1.6 }'25 «T0] «73{26.07
NORTMEASTERN PLAINS
~—AMISTAD | S5W .4 . . . . . . . . . . . . kTl o83 6611425/ 2.4911.5612.0602.3910,57]0.04] Jbbl 60} 15.34
SELL RANCH 36.6| 40,91 6T7.1[ 56,47 66.8] T4 9f 78.3] 77,2} 70.4] 58,5] 449} 38.0f 5Te3 33} 338 .63]1.0511.81|1.60{2.47}2.76]1,68]1.03] .36] .43|14.52
~CLAYTON WSO 33.2{36.0{40.9}50.7}59.8] 70.2] 74.5] 73.3] 66.0] 55.3} 61.7[ 36.0 3.1 .35 (37 L63]1.19]2.76)1.48{2.33[2.09/1.651.00{ .23} .35]14.51
~CLOVIS 3T.6]61.3167.2]56.7[ 6571 T5.5] 78,9 77.6] 70.2{ 59.23] @61 394] S5TeR <551 .41 9] .92] 2.5112+30] 2.04{ 262]2,10]1.89] .46/ .59]17,48
~ ELIDA . . . . . . . . . . . . - ehll 238] 58] LJTFf1.86[1.63]2.64)2.38]2.16[2.aTf .39 53| 15.09
~MELROSE | . . . . . . . . . . . . . »43] 36| .46 .77[2.06|1.63]2.66[2.92]1.73]1.63] .36) .53 15.13
MOSOUEF’P 33.6]37.0{61.9|50.8]590]69.1| 73.0] 71.3]64.0)54,8] 42+2] 354 52.7] 48| o4l| «57[1.09{2.36]1.82] 2.8%5;2.94|1,09] .98 .48| ,38]14.29
THEWK IRK . . . . . . . . . . . . - 431 J68| <62 .88]1.74 1.64]2.1312.30(1.69] «.92] .39 .%9)13.81
—PASAMONTE . . . . . . . . . . . . . 37| W3] «6911.02[2.12§1.80]2.49|2.5411,.59]1.02] .27 .31]14.33
~~PORTALES 37.3[ 4.0 48.2[5T7.2]65.8)75.1177.5|76.5]69.5/56.8]65%.7]39.1 5_’(-_7 46| o36] o58] TT7/2.462]2+38{2+91)2486]1.91]1.50] J45] .58(16.94
4
—=ROY . . . . . . . . . . - . . 61l W3] <63 91| 2.50}1.62|2.32)2.22|1.T2)1.40( .43] .53)15.12
@SAN JON 37.6]142.0[6B.2157,3]65.9/76,2]79.2]78.0171+3|59,9| 463} 39.5| 58.4 .41] .38] .51] .89[2.2811.67|2.R112.62]1.3311.17) .86] .6%/15.18
~—SPRINGER 30.0|34.9]60.9[49.9[%8.7[67.7}71.5] 70.1}63.3]52.6139.0]31.3 50.8 .a46] «33] .59[1.11}1.96/1.68]2.39{3.00]1.76/1.35| «61] .235|15.%9
~5TEAD . . . N . . . . . . . Tl e36) W38 w93|1.37[2.7T7[1057] 24691 2433F1.69(1.01] .38 .a0]1%.43
—-YUCU.‘KM}I 3 NE 377 eie3j4Te5]57.0[657| 75,81 79.1[77.8]71.0[/60.01%6.5]39.4] 58.2 .42] .63] «59] 89{2.27|1e61}2.75]2.50]1.3%]1.13] .09 .564|1%.07
‘' DIVISION 35.3139.1{065,0(54.3]62.9072.6)76.3]74.9168.0)/57,2]45:0{37.4( 55.6 &1 .37] .55] .9912.29[18012.70[2.53[1.69}1.25|: »01} .48[15.47
SOUTHWAESTERN MOUNTAIN
AUGUST INE . . . . . . . . . . . . o | cesf .52] .53} .e7| .a5] .64|2.06|2.26|2.4a] 90| .27} .%%}10.51
FORT BAYARD 37.7]41.0045.9{53.0]60.7T170.2(72.7}70.9|66.48|%6,7)4%.6]40.2 55.0 84| .97 62| .al| 62| .7712.79{3.23|2.97[1.01| .57 .81]14.41
LURA RANGER STATION . . . . . . . . . . . . s [1.04] 80| 78] 62| J68] 473]2.59]2.90|1.71)1436] o59] <95/ 14.53
¢ 'MIMBRES RANGER $TaT10M . . . . . - . . . . . . o [1016f 1415 87| o5& <450 093[2.97]3.40]1.95%}1.33] .67]1.0%16.47
PINOS ALTOS . . . . . . . . . . . . o 1331170 14168] 70| «46]1+06f3e27[Cel7]2,04[10t] .69[1.29]{19.30
QUEMADO RANGER STATION . . . « B . . . . . . . . T3 -84 «62] oS3 JAT] <65/1.8312.18]1,30] .86] .39 .50|10.40
. RESERVE RANGER STATION . . - . . . . . . . . . o J1s1] 285112 BT o82] JT2[2.10[ 2469161 1.20] o611 95| 14.ld
WINSTON - . . . . . . . . . . . . 55| 4601 sb4l) .45] .52] .8212.25[2.75{1.95F .97 .30] .5¥|12.14
DiviSION ?1.5 35.3]40.6[%B. 4|56 4)65.6169.5]67:5]61:9]51.8}39.7[33.5] 50.1] 73] .67] 66| .56] 50| +79}2.27|2.71]0.86)] .98) .u8| .T1|12.59
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*NORMALS BY CLIMATOLUGICAL DIVISIONS

Taken from "Climatography of the United States No. 81.4,

TEMPERATURE (°F)

NM-T

PRECIPITATION (In.)

Decennial Census of U. S. Climate"

NEW MEXIcO, Conz.

"«
STATIONS R aan | ree | man | oare | mar | sume | er | auc | seer | oct | wov | oec | anw | sam ]| sen | man | oase | mav | sume | suir | av | seer | oct | mov | oee | am W
(By Divisions, “
CENTRAL VALLEY e,
=,
““TALBUQUERQUE WSO 35.0]39.9|45.8(55.7|65.1]74.9| 78,5/ 76.2[ 70.0{ 8.0/ 43.6/ 37.0] 56.6| .41| .238| e8] 47| 75| .57fr1.20ft.33] .es] .79 .38 .es| Pay
BOSQUE DEL APACHE . . . . . . . . . . . . e | «39) <38] 28] .26 .82] oTB{1.10]1.4611.25] 4001 19 .39 1.9
CARRIZ020 37.0| 8049 46.8]|550163.8]72.9] 75.4] 73.8168.0]{57.2) 44.0] 38,2} 5841 .73 .75] 17| 67| .9211.29}2.32]2.25]1.95 .99] 53] .T7]i3.89 ?
“=ELEPHANT BUTTE OAM 41a3| 46431524316048[69.1]78.3] 80,31 78.%|73.0[62.7) 49,5 42.9% 6!_;2 37| cas] .31 L33f 34| .8811.4011.9511.22] 76 .20 86| 8.3% A
@nS0CORRO 3T7.5)43.0/89.6(58.5] 6645/ 75,8/ 79.0{7721{70.5/59.2]|45.5{ 38.3 9&5 «43] s8] 233] .03] 70| «66|T.3411.48/1.32] .88] .23 .51] B.7% )
’
DIVISION 36.2[61.0(07.4]%6e2] 64,6 73.8/77,4]75.769.0(57.9| 48.3|37.3]| 5647} .61 .oa]l 41| .865] 61| T2{l.a6{1.61]1.20] 81| .32} 47 8.9} ‘!_'
CEMTRAL HIGHLANDS
ANCRO . . . . . . . . . . . . . 951 4T74] «93) JB4|1.03]2020)2.05]2.3%11.751.03] 299 991189 2y
CLOUDCROFT LODGE . . . . . . . . . . . . e ]1.80{2.70]1.63] «B5/1.09]1-86]5.79[4.73]2.37|1.61] .B5]1.48]|25.7¢ ';
CORONA 33,91 37.0[42.4[5042]58,6[67.4({69.9/68.6/63.2]53,7{42.0/35.5] 51.9| .84 .BO} .82[1.08]1.37]1.27|2.9912.76)2.01|1.0% .56} .70f15.87 %
GRAN QUIVIRA NAT #ON . . . . . . . . . . . . . 267 268 269] 61| «91]/1.1812.37{2.98/1.61{1.00] -49] .72[13.98 ,
MAYHILL RANGER STATION . . . . . . - . . . - . . IS o7al 79 L9901 1.23{1.9003.53| 3.8112.96[ 1,45} .38} .00118.99 M
MC INTOSH & Nw 30.2|34.7)40.5{49.0|57.4]66.6] 70,1 60.5062.2(51.8|39.0] 32.4] 50.2] 48] (a4 .S3] LT2]1.10[1.0302.27]2.53(1.86[1.11] 439] .50|12.48
MESCALERO . . . . . . . . . . . o [1-0311.03) <91 4651 <B7|1.4203.5913.71(2.13{1.27| «6711.97718.37
MOUNRTAIN PARK . . . . . . . . . . . . o 1122611008 97| 57| 47311.28]3.27/3.26]1.89|1.41] J41] 98{17.18
MOUNTAINATIR » . . . . . . . . . . . . vB1] 98] «6T7| W6T] 93}1.01]2.89)2.4311.39(1.1%] .55 +83113.7b As
PROGRESSO . . . . . . . . . . . . . «55] 58| +58] .65 .88]1.13]12.8612.51|02.56] .87} a4l .B80{13.38 ‘,‘
OIVISION 31.7(35.3]80.5 ~§.o 56.7/65.6|68.5 67.1]61.5]51.7[39.8}33.8] 50.1] .90] .8aj 93| .79/ 1.10]1.25{2,94]2.95|1.86(1.20{ .61 .92|1a8.2¢9 ;a
SOUTHEASTERN PLAINS . / ’
e=ARTESIA 6 S 40.8]48.9|51.8/60¢9[69.4[78.4]80.0[TF.4} 72.7[62.1[40.8j61.8] 60,9 a7 .38 .30 .%6[Lat7[}32[1.708[1.03{1.62{1.13] .29] .43]11.3)
~CARLSBAD . . N . . . . . . . . . - 5] 037} J66) J5613.76)1.33)1.56]1.60) 1096 1.062] .38) .aFl12.ay !
«CARLSBAD CAVERNS 45,6/ 4848]53.7|62.9] 10.5[ 70,2} 78.9| 78.4) 72.9] 64,4 53,56 47.4] 62.9] .52 .a3] <45 «T6j145111+55[2.08|2.92]2.51[170] 27} 55104029
=GROSSROADS 2 NE . . . . . . . . . . . | O ees| wa2] ce7| L77120130.8612.3902-59]2.39] 1. 76] a5 .52]16.19 | ¢
ELK 3 E 30.0|40.5/45.4[52.5159.9]67.8)69.6|68.7|63.5/56.9| 4461 39.7| 53.8( 61| +50{ o61] +59{1.33[1.64]2.53|2.00)2.61}1.36] 42| .64]15.84 ‘;
:FLVING L . . . . - » . . . . . . . «50) <48} +55] +56{1430}1.31|2.19{2.34}2.52]1.37| 64| .52] 1a.0% .,:
FORT SUMNER . . . - . . . . . . . . . «88) «38) 56 .B7|1.64[1.12[2.53|2.30]1.80{1.28] .34) LGejld.T0 N
~=LAKE AVALON - » . . . . . . . . . . » 260 o331 37] 4711.92[1.28]2.46711.61]1.80)1.54] .36 L40[11.73
~BOSWELL WSO 37.9]82.1/49.5|59.0/68.0177.1|78.6]76.6]69+7]59.0| 45.9(39.0f 58.5! .48 42 50| .73]1.28110501.77|1.62{1.82]1.07] 34| .58]11.62. \
—SANTA ROSA 38.58142.3|47.9)%6+8165:2) T4, 4] T7.3] T621] 69.2] 98,8  apet| 40.51 37,81 03] o2} «63] T2} 1T 1e36) 2.07i 2007 1063j1-17) 34 31112.92 i
DIVISION £0.2|66,1150.1]58.7|66.9 76,01 T7 9] 77.1]70.6|60,6] 48.0]41.8( 59.2] +47] 390 49| 66/ 1.64{1.3312.13{2.02]1.9751-34] .36 .50/13.30
SOUTHERN DESERT e .
f . i
~ALAMOGORDO | . . . . . . . . . - . . . <730 .58| .39 .34 .68f .72|1.61f[).66[2.08] .99] .40] .5B] 9.80 -
—ANIMAS - . . . . . . . . . . . . o8l 262] 531 422 +23] <6911.79}2439[1.25) .88 J4ll L60] R.97
-—REMING AQ.7Ea5.2(51.00%99.2167.46) T7.4180.9]78.7|72.8] 62.0] 89,0l 42.2] &0.51 .asl .sql .321 .30l 28] <sol1.e2t1.70i1.a6] .aQl (30 .S4] 8.84,
«-GAGE & ESE - . . . . . . . . . . . =~ 58l J78] .02] .26} 200 eelfloa3i1.97|i.09 .B2] .3B) .65 .37
=HACHITA 1 N 41.1[05.3150.0/58.766.7( 761|786/ 7671 71.5|61.0] 48.8] 42.4{ 53.8] 58] 7] 43| 21| +17|{ -40}1.76{2:33{1.10] 86| -36] .65] 9.54
B
.
=HATCH 2 W . v . . . ., . . . . . . . w68] c40f 2281 37 J29) +5311.69{1.8131.,37 98] 23] .54] B.98
~HILLSBORO . . . . . . T . . . . . . b62) #58] S4b] 401 L&2] 21[1.89)2.00|1,87]2.08] 30| Jb5}10.92
JOANADA EXP RANGE 29,3 43,8} 49.7/579] 6640/ 75.7] 79,3 77.5[ 71.2| 60.0[ 6.5 39.9] 58.9| 94] .a2| 27 .24 29} «53jl.60]L.71| . 04f 21| .36} .95] B.86
S~ LATHAM RANCH . . . . . . . . . . . . . «79] .91] .66] .a8] .37/ .B6]2.66{2.04[1.96]1.06] 671 .79 13,8)
~—LORDSBURG 4 SE . . . . . - . . . . . . . «19] «90] 61 <33] 13| «45{1.%1[2.23)1.29] 79| +49] .64[10.10
OROGRANDE 62,3} 46.953.5]61.7}70.8] 80,7} 82.4! 80.5] 74.3| 63.7| 49.3[ 43.0] s2.4] .50 39| .28| .33| .e3] .8s}1.52]1.57(1.26] .52 .30 .45 !-79., .
~~STATE UNIVERSITY 600.9[ 45.4151.1]%59.3] 6743} 76.6179.5/77.8| 71.%]61.0|47.7| 42.0] 60.0] 47| 51| <30[ J17} «31] .53j1.29[1.68)1 .22} -7%] .30} .48f 8.01, 7,
DIVISION 41,20 45.4051.2|959+3]{67.4)76.8|79.6[77.8|72.2| 61,7 aB.t]42.8] 60.2] <63] 61| .64] 31| 30| «56]1.77[1.95|1.62] 90| 38| 64| 9.91
* Normsls for the period 1931-1960, Divisional normals may not be the arlihmenical avorage of -
stations since 1 dats for sharter period stations are used to obxain better " .
arcal represcmation, '
" COMPARATIVE DATA _ 0
Data in the following table are the mecan temperature and average precipitation for Now Mexico State University, :
New Mexico, for the period 1906-1830 and are included in this publication for comparative purposes, L
.58 .58] 7.8

[41.9]46.2]50.0]59.1]66.7]78.5]79.3]77.2|71.5]60.5[48.8]41.1[s0.0 | .28] .31] .43 .24] .36 .43|1.49|1.65] .83 .71

CONFIDENCE - LIMITS

In absence of trend or record changes, the chances are 9 out of 10 ghat the true mean will lie in the interval

formed by adding and subtracting the values in the fo
Because of the wider variation in mean precipitation,

substituted for “p” in the precipitation table below to obtain pean precipitation confidence limits.

frafua| o] o) 7] 6] ws) 5| s 7] e]nz] |- 2298, 19v4). 2140, 27l 35w 3195 2945, 26l 30w 264, 2204 2108 370

-802 -

Jlowing table from the means for any Station in the State,
the corresponding monthly means and annunl mean must be

«




*MEAN TEMPERATURE AND PRECIPITAIION

JANUARY | FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST | SEPTEMBER | OCTOBXR | NOVEMEERR | DECEMBER ANNUAL
13 -
ANRNRRaRARaRBRanE s
STATION i
' IiHIsIR iR iRIR IR IR IR 1R 1R 1R R AR 1000 BB
YRy A AR A AR AR AR AR SRR AR AR AR AR AR AR AR AR AR AR AN, c
NORTHWEST DIVISION
CROSEY 6e0| o38] 1043| .34 2105) 62 39.T] .79) 32,9 h.6e| 60.7] 3.29 ]| .68.5] 2,43 65,7 1.05] 55,0 1.09 ] 4a.0 La3| 28.8| a0 128 L32[ 3847 pidas
£ 0%HoLn T N 7.3) os0] 11.k] o] 22.8) W7 43407 119 54,21 )04 62,1 3.52] 69,6 1.98) 67.3] 24107 s6.0 ) te24 | 48,5 ) 78] 28.6) 7] 04ia ] Lar|TYeTO [13.2e
SKENMARE 450 "9 .83 1.07 1ot 3.%2 128 1,90 1.38 +80 o83 S TR L 3
SHOPALL 83| o580 9.8 L67[ 25.2| 897 40.81 1334 34.01 2,00 | 61.9( 8,00 f 69,1 2.35 ) s6.0] 2.8 56.a | 1.a2| sa.T| B3| 25.5| o%6f 12,81 .ea| 3Ba9 [i7.19
Faoano»m 6.0 .50 9.3 48] 20.8 2571 03] 1e21| 33,4 1.06) 60a?] 3,61 696 ) 1,97 87,0 1.68)] 6.1 1.22]) 44se a74 | 26.6 50| 146 9| 302 DiaLne
P ARSHALL . .40 .3 o7 115 2,02 3636 2,41 1.67 o2 o9 .28 14,90
RTAL ol Leat el ceafagial Letl 3eus| es3] s2.7) 1.sn] se.rl sere ] eni2f 2apel esan 2,27) st 83031 oT5] 2805] oaT7 1180 Lsa] 373 1S.30
“=wiLDROSE Y .88 «59 «50 1.8 3.28 1.80 1.83 .To sl 3] = hd.e
“=n1LLISTON WD C1TY 10.0] o49) 13.5] oasf 2605 (75 42.9] 1.07| 5s.6) 1.66] 63.0f 3.59) 10.9) 2,23 ] 681 183 57,2 te22 | #5.5] J¥7) 28.3 1 58] a3.7] .su| 413 [14.66
oIVISION 6.3 08| tous] 42| 21.4] Le7| 40.5] 1,09 3.2 1.90) 1.2 3.59 ] 69.0] 2,13 s6.8| 1.94] s6,0] 1,20 aei6] 77] 26,0 .30( 13.8[ .40 3941 1817
HORTH CENTRAL CIV °
=601 T INEAY 3.3 wasl 7.6 35| 20.1] o6 39es| .95 S3.a) 1.97] 81.57 3.80| 68.9| 2,55 6.5 2,57 59,8 1,38 «s.0] 78] 23,8 29| 10.2] .e0] A8 liee3s
b€ 6.0] .e3] 9.9F L8] 21.T) .v0| %0.6( 1.21] 54,00 1,84 62,61 .73 70.0| 2.63 | 67.5] 2.09( 56.9( t.a1] 4w 8f .86| 2600 .e3)a3.3) .37 38,4 l1ee30
wBCLMAN 2 SE 1.0 1.6 0.1 0.0 53.3 b1k 58.7 53,9 35,9 13 2.2 1.2 37,9
SARANYILLE bo7( o89) 10.9( 37| 23.2) .67 4heb) 14227 55.3] 2.04 ) 62.4] 3,93 70,0 2.42( 87,50 2,040 ST.ae| 1.23 ] 45,8 78| 26.31 51| ia.0] e 16028
~HADDOCK AGR SCHOOL o) 3] sual 4] 22,31 .7e] 42,00 1.08| 3¢.2] 2,01} s2.6] 3.571 69.6[ 2.79| 67.7) 2.09| 5705 1.a7[ 5.0 90| 25.7[ .50 az.af Le0] 3T lle.ss
~~RUGBY a8 31 .78 1.03 1.78 3.37 2,85 .21 1.3) .o .83 53| = lisees
SN HAVEN “el h9] 8.8 s4D] 19.7 58] 39.4 aBF] 93019 1.52] 6049 D51 ) 68,57 2,89 bdaD| 2,38 5.6 1.39] 3.6 <21 28,0 h3] 1les 40 ] 37.9 |L15.94
- TOMNER 5.0 oS57] 9.3 ey 21.7| o96] ale5] 1.35) 58.0F 1098 6245| 3.69| 69.8] 2.26| £7.0] 2,26 4.3 1.02 ] w6 79| 25.6( <63] 212.5( .53 0 [i6.87
»vELVA C3 8.2) .57) 12.6] .a3) 2a.3] L71] AZe6| 1429 5503 2.18) 63.2] 3.68) 70.0] 2.98) 875 2.0 )] s7.6) 1433 sss0f .80 27.3] .e9| 15.3] .es 28 J18.76
—4ESTHOPE B 3 3.7 7.7 2004 0.2 54,3 6241 69.2 66,9 56.3 %3.8 2643 10.9
WILLOW C3TY 205] o591 6,81 390 19,81 J70] 39T 1.07] 533 Ve81) 6145) 3.0 5B.b| 2.88 ) beD| 2,05 ] 55.7] 1.28) 8303 JTV| 23,91 .54 ] 10.0] .51 3Tas 1578
DIVISION 4.8 ose] 9420 waaf 21.00 79 4043 [ 1433 93.7) 1.07 61a9] 3,77 69,11 2,52 ] 66.7] 2,26 sear ] 139 aeed| 79[ 2500 ove] 21.s] .ae] 3807 18059
NORTHEAST DIVISION
" DEVILS LAKE WB CItY a.8] Lsgf 8,71 Lar] 22.6f .73 s0.0f v.eaf 83,00 2137 62,41 3.8 69.3} 2.67) 66,0 2.17| S6.31 2.07] 43,9 bo26f 2500 .67) 11.2] s8] 38,7 [iT.61
«GRAFION el L7217 9.7( .58) 22.9% 90| #1.8] 1.e6| 55,0 1.86 66.3] 3,191 10.9] .20 68.7) 2,65 58.1) 2,09 ] aee2] 118 2604 90 11.3] .e0] SQ0 [19.29
= GRAKD FORKS UNIVERSITY| wus] 80| 8.9] .33] 72.5| .91 a1.3| 1511 56.9] 2,33 6400 3571 7047| 2,96 68.2] 3.131 87.a | 173/ 45.3] 1.22f 2600 .92 [ 41.3| .62 3g:6 20,05
= HANNAM 7Y ’a5 .77 1409 2.06 3,00 2.70 2.89 1,92 1.06 .70 a2 18,25
HANSBORD 9] oAZ] 7.h] L2810 19.5]  Lb&| DB.b] 92| B1.9) 1.B5] 804371 3,73] 67.2] 2.59) 65.0] 2.%6) $5.0] 1.37] 43.3| .82] 23.7] .32] 10.5] .33] 3741 f1s.03
- LANGDON [XP FARN 1.9F <79 .57 .38] 19a3] .92 38.71 1.29] 32.5) 1.95) 81.3( 3,06 68.0| 2.62] 65,9 2.63| s5.5] 2,05 3.0} 1201 22,81 L1s) 9.3] .sa] 3l |83
- LARIMORE 9.3] .e5] 9.9] .ss] 23.0) .es| «0.8] 1.37] Sh.e] 2,20 63.4] 3.09| 7o.a| 2.53] e8.3| 2.e1) 57.8| 1.73] 48.7] 1.20] 26.8) 78] 12,5 e 29 (17,16
—PARK RIVER ¢ o “odl W36l 9.0 o36] 21.8] L74| 40e1) 1.32] sa.2] 1.79] s3.1] de06] 69.6] 2.89| 6742 2.u9| $7.2( 2443 453l 1. 25.6f .63 ] t1.8]| a0l 3 16.90
e=eEngIng 2 N2 (36 .58 Jres .12 1.2} 1.89 3.07 2.92 2.08 2.8 1.18 .12 .40 18,48
PETERSBURG ez TS .69 113 2.03 3.18 7.68 2,50 1.78 1.17 .57 '3 16.96
olIvision 1.3 W56 T49) .46 20.8] .00| 39.7] 1,27 3.4 1.99( 62.2) 3.32| 69,0 2.81 66.9) 2.71] 5603 ] 1.92] 4aca] 1.09] 20,9 72| 10.6( .e9] 30.3 [18.14
WEST CENTRAL DIVISION
~DUNN C(ENTER 2 SW 10.4 63 35| 28,1 #6350 40.8) 1.26] 53.1] 1.99) 61,47 3,05 69,51 2.36 ] 66.5] 1.97| 55,4 1.24] 449 -81]27.8 ap] 17,7 «27] A, 15.68
—~GARRISON D B3| .59 Wuu ] 23,70 L1 Adeef 1,270 54,2 2,05 62.8] dekv| 0.8 | Zo35F 6707 1,82} ST.a] h.27 4502 .78 27.0] .62 15.01 .es 19,96
-Miy 6.0 145 SA0F 21.3[ 73] 40.2] 1,25 93.2] 2,39 62411 3.96| 69.7) 2.66( 6741 2. 16 S6.1| 130 43,91 72| 25.4 sel 13.2] Lwe} 39 18.79
wWASHBURN 10.2] %0 40| 25,81 L6991 43.6] 1.32] 85.9] 1.75] 64.3] 3,69 | T2.0( 2.35) e9.2] 1.78] s9.2] 1.32] w2.1) .82] 2009 .a9] je.9] .32 1%.3)
~WATFORD CIT 11.2{ .81 «55| 25.6] 85| s3.0| 1.33) 35,1 1.5| s2.9( 3,36 Ta.a| 2.36) 68,9 1055 ). 58,0 1029 s6.8| .9s| 290 s8] 17.7] L9 19,94
olvision 8.8] a7 cso] 23.0] LT5| a208] 1307 54,1 2.03 ] 6203 .79 Toar| 2.38) 67.7] 1.93] ST.1| V.36 ) as.6) L83 27.2( .85] 15.7| .36 a0.6 |16437
CENTRAL DIVISION
~ CARRINGTON 6e2| os2f vo.ar| a8 zzo2| ref a0arf 2,40 33.2) 2,290 e2.5) dea| 69.7| 2,68 67.2] 1.90| s6.6| toas| 4s.0) 1ous| 25.0] .sa) 12,8 Lan] g hivent
NGOURTENAY .82 Y .68 1,25 2.15 3.29 2,51 2.28 1.57 1.11 .60 .59 L1en
~EESSENDEN b* 6.3| .51{ 10.8] .5t 22,90 .ral sr.2| 1.3a] sel2] 20140 62,8 3,36 To.2[ 2.m2] 6.9 oot sT.s| tear{ asaal 1i0a] 202t ses| vaizl Jsal 30 hiann
SHARVEY "‘f .38 »39 »71 1.2 1,92 3,48 2,69 1.81 1.3 1.00 .50 S0 T s
~JAMESTOWN SYATE HOSP 8.2 oa6) 12.3] o37] 26.9] .88] 8203 1.66] 55.2 2.19)] sa.e| 332 T1.0) 2.73] e9.2] 2013 va.s| 1.32] e6.5| 1.07] 28.0] .67] 15,0 e8] ad.e [17.38
® ¥C CLUSKY 7080 s63] 116y o1 23068 .84 41.8] 1,49] 54,30 2.32] 82.8] s.07] T0.7] 2,04 ( 6843 1.91] 58.0],0.48] 45,81 1,027 27.0] w65 18,6 31| AQed [17.57
-vznlnouﬁét, 6.5] .o7[ 10.6| 50| 22.7] .79 wn.2] 1.3y 4.1 2.0 62.0] .01 Yoo 2.72| eBe2| 2,25 5T.9| dese | a5.2| ta15]| 2604 50| B3.a| .38 30,0 16
«STEELE Tob| oen| 13eb] 37| 2348 .60 6148 1.32) 58.3f 2.26| 63.0] .86 | 0.9) 2.51] 6843 2.06) 58.1) 1,71 45.9] 1.20] 274 as] 1a.7] .32 w6 17000
Division s8] «51] 11.0] «a3] 2200} 7B 1.3} 3.90] 53.8] 2.27] 6248] .37 70,00 2086 8749 ) 2438 ) 3708 1,57 45,8 2.2ad 28.7) .59) 13.8] .ea] a0.0 D3

— 816 —
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*MEAN TEMPERATURE AND PRECIPITATION

! A IANUARY [ FEBRUARY MARCH APRIL MARY JUNR TULY AUGUST | SEPTEMBER | OCTOBIR | NOVEAMBXR | DICIMBKR ANNUAL
iy i AEIREREE
VO o TRNRARRRARABHNE imn
£l = 103 . i i 3
o! 1 - 1 - 1 j 1 |§ g ! z !! & l! ! ! ) [ z - 2 -
EAST CENTRAL DIVISION '
COOPERS TOWM a7 43 .78 117 2.36 3.38 2.%) 2.57 1.75 1,14 b3 W57 17.98
FARGO WB AP Tl «60| 10.8 b6 2543 «89] 42.1| 1.88] 55.0] 2,17 #4.6)] 3.06 | 71431 2,31 ] 6942 | 2,73 98,9 1.72| 45,1 1,281 270 «B71 12.9 «60 | 40,9 [18,73
HILLSBORO LT3 93| 1048 S6] 2401 83| 42,21 1e70| 95,4} 24420 04.7) 3,77 71,6 3.00| 49,0 2,821 50,8 1,88 | 46,3 ] 1,13 27,3 761 13,0 <37 | 40.8 [19.95
MAYVILLE 6.8 53] 11,3 33| 26,5 v08) 42.8| 1,27 55.7] 2,277 b4 T 3052 3.8 2456 | 9.8 ) 2,69 59.6| NeTo | 4Te) ) 1.08 ] 277 o84 | 13.5 A9 | 41.2 17,98
SHARON 4.8 »32 9.5 AT] 22,44 T80 40.5] 1.aa] 53,8 2.06] $2.7] 336 061 ] 2,066 7.7 2.7 S7.1| 1,83 44,9 1,25 25.8 W78 127 52| 3923 |19.0%
VALLEY CITY N 8.5 6| 1341 A9 26,0 79 4304 1062 Seet ] 2435 8541 3430 T 281 ) 6944 2.33) 59,1 | 1,50 ) AT.2) 1.16] 2848 WTAF 1846 311 42.0 (37.04
DIV]SION 5.9 50} 11,0 «521 2xel 278 1| Low2) 55,21 2,44 | 64.2] 3045 | T142] 2467 689 ) 2454 ] 58,5} 1,67 46,21 1413 Ii.Z 70| 13.0 <531 40.8 [18.35
3 .
SOUTHWEST DIVISION
~BOWMAN ‘COURT HOUSE 14,8 17.7 2643 42.7 5.2 622 711 6048 6044 469 30.0 21.2 420,
WwOICHINSON EXP STATION 10.7 B8] 13.9 48| 23.9 «T6| 4137 1a36] 53,1 2,03 olea| 2,98 69.0] 2.00] 67,0 ] 1aT6] Stoa] 1,13 ] 84,8 <8B| 27.9 W98 17.% 232 | 4057 13,08
~=HETT JNGER 1%.2 W37 18,3 29| 21,0 2T2] 4345 §.25] 55.0] 2,01 63.3] 3.07] 72,00 1,98 7, 1,821 59,1 1.13 | 47.1 +8) ] 30.8 38| 21.3 «23 ] 43,8 [1a.58
=mMARMARTH 14.9 56| 8.7 45| 28.0 B0 404 | 1.02) 55.5) 1492 63a0) 3.59 | T2.1[ 1.92| 891 [ 1.065] SB.I| 1.CO] 46,6 921 30,1 45 20.6 a8 M f1ele
|0t . 13e0 «43] 171 AL | ?bet 79 43405 1.07) 95.0] 1.90) 63a%] 3,65 ] T1.8| V.97 | 691 1.55] 8.9 | 1.27] #6.8 .68 29.9 ha] 19.8 30| 4370 [1e.as
=Htw ENGLAND 14.3] w63 1706 W59 27.0) Sa0t] #3.0) Vusi] ss.8| 1,807 e3aef 400 7200 2439 89,40 1e5B] 8,70 1.35] aba2| +85] 30.2) J32) 19.9) 36§ 43,0 |ie.sy
aR [CHARDTON ABBEY 12.9 +56( 1841 W851 25,5 105 62T 1e6b6| S4.4{ 2402 6246 3.99| TOWB| .59 68.8]1 1,79 58,7 1.16] 4722 .83 29.86 82| 19.2 36 6Fen (17416
-—IROTIERS & SE .34 ks ) 1.05 1.84 2.0t 2.06 te68 .14 o 74 .54 (ST 14.1¢
DIviISION 13.7f 50| 17.2| od6| 26,0 85| 42.8] B.33) 3603 1.95] 6245 3,77 71.0] 2,20 68.7) 1.T6] sa.1 ] 1.08] a6e5) .08] 29,7 Le9) 19.8) 32| 42,9 15.58
SOUIH CEMTRAL OV
=B ISHARCK W8 AP .2 o361 12.7 3| 26,7 STo| 01| 1439 S4.8) 1,98 6403 3,33 ] T2.31 24233 | 6943 1.50] S8.57 1.43] 43.T7| 1.00] 2844 +53 ] 155 401 41,7 [1%.40
wCARSON NO 2 1.8 +93] 15,1 55 2504 1411 42,8 Loal| 56.08] 2.36| 6345 3.87) T1.7| 2,091 69.5%| 1.31] 49,0] 2.34) 468 2,02} 29.) 55 18.6 «35] 42.4 J16.09
‘weFORY YATES 12404 »39] 16.5] wa5] 27.9] 80| 44,9] 1.37]°98.7) 2,20 65.4) 3.%6] 73,11 2.01] T0.5) 1.7A| 60,47 1e18| 48.1] 10120 3049 36 19.1]| .25 4T.8 [1%5.38
-l INTON 1001 oa0| 14a7) 439 2607 72| eai3] 136 ] S6.6] 2.05) 65.1] 4,09 72,8 2,47 0.9 1.85| 60,3 1.0 | 7.4 ) 1.10] 2903] .a0] 16,8 31| A9 [16.87
aMANDAN EXP STATION 9ed 50| 13.0 8| 2u.e «F0) 42.9) 1ed2| 535.2] 195 6309 F.T8| F3.8] 2,33 6942 FeT6| 50,9 1.34)] Bb.b 921 28.3 59 1642 371 4437 116434
e ofu SALEM 1S 11.0 0S| 145 48| 2%.0 W81] 42.6) 1429 Ses6] 2,02 6341 3ede | Tiad| 2421 88.9] 1480 58.9| 1.30] 48.7 76| 2848 AT 178 230 41.9 [15.43
DIVISION 10.9 shh ] 15,2 47| 2%.8 B3] 435 1a32) 55.5) 2.006] 64.0| 3.89] T1.9] 2.26) 697 ) 1.85] 9.4 1a36| 47,3 101 29.4 ol 1T.7 32 ) 4205 N6.31
SUTHEAST DIVISION
< . .
ASHLEY F E; 9.0 51 1245 kb | 28,7 37| 42.0( 126 S4.a( 1.98) 3.3 3.83 | 70.6( 2,065 68.4 ) 2.19( 38,2 1.2)] 45.9 94| 28.1 2| 15,8 20| Alel [18.50
= EOGELEY EXP FARM 9.0 ahal 13,1 shd| 2504 76| 42.T] 153 Se.9| 2.308) 63.9| 3uTo| T1.0] 2.57) 69,0 1.94) S8.8] 1.63] 44,7 .95 28.0 oho| 15.1 234 .w 17.01
“ELLENDALE 9.8 W36] 13,9 82 2646 1.00] 43.5| 1e94| 35,8 2422 65.0] 3.85| T1.9} 2.88] 09,9 2,49 39,8} 1.36| 7.5 1,08 29.% 63 ] 18,3 «51 | 42,4 119,06
FORMAN 49 57 92 1491 2455 .92 3,13 2.19 L] Les2 1.17 04 52 S 19.43
~=FULLERION 1041 o87] 1441 95 2647 1226 &3.T| 2405 S6 0 2,50 65,3 3.97| 7242 2447 TO.0 2421 59,8 136 47,0 1o16| 2904 86| 16,5 78] 2.6 120.5%
AN INSON R R STATION 9.2 s8] 13.4] .58 25.8] 1.10] 43,0 1.89) s6.5] 28] 65.9) 3,91 T2.5] 2,48 69.7] 2.43] 89,3 1,69 46.9) 1.06]| 20.7] 69| 15.6] 59| a2e2 19,35
L IS00N 8.7 «51] 13,1 58] 26.2 90| s2.4] 1.92] s5.6| 2.35) 6%.00 3.8 T1.7| 2,53 69.0) 2.07) 54,3 1.47) 47.3| 1.29) 29.0 oT) 3502 W51 &T78 [19.36
®wc LEop 3 E 8.5 «53] 13.0 a7] 2643 99| 43,4 1.67] s6.6] 2.91 ) 69502 Jease| T2.0] 2.85| 69,8 2.63| 59,9 1.%4 | &7.7] 1.12]| 29.2 «70] 149 a7 . 18.9¢
~NAPOLEON (= of 86| o5a| 22.2) as| 2607 95| #2020 1.37] se.7] 2033 63,4 3.72| 0.8 2,89 69.1] 1.95] 58,81 1,40 6.3 ] 1e20] 27.8] .e3] 35.3) L37) &L |17.78
- OQAKES Beb 9] 12,0 «%9| 25.9 o893} 42.7| 1.73] 55,8 2432)] 6541 3.68]| 72.0] 2.49) 89.T7| 2,04 59.0| 1.25| 46.8| 1,07} 28.6 «83| 15.0 30 17.74
w-¥AHPEION STATE SCHOGL 9.6) w60f 13,8} .s7] 20.9] .86] ad.o) 1e99] 57.5] 2,66 eeus| 3.s7| T30 308 71.2] 3.03] 61.3] tee1] a9.0] 1015 3040 7] 16.0f .61 ] a2.d 204386
o WISHEK E" 1.1 451 11,8 +38{ 23,5 71| Adob| YeBB| S3.0| 2.16] 63,0 3476 TOMN| 2476 6To6[ LoT6| 59,5 1.30| sa.7 6| 2T.2 ol 15,2 <28 s [16.33
A —
OIVISION 8.8 «53f 1341 981 25.% 92y 42.9] 1.70f 55467 237 b0e6 ] 3,79 T1.6 | 2.73| 69,4 ) 2429 9.1 V.82 | AT.0) 1.08] 28,7 bl ]| 156 JATl 4148 [1B.46
® Averages for period 1931-1033, except for statione marked ¥B which are "noresls” based on period 192)1-1950. Divisional means may
ot be the arithmetical average of indlvidual stations publiohed, eince additional dats from sborter poricd stations are used to
. obtaln better areal representation,
‘
.
)
CONFIDENCE LIMITS
Io the abseoce of trend or record changes, the chances are § out of 10 that the truo mean will 1ie in the ipterval formed by adding and
. subtractiog the values 1p the following tedle from the means for any stattos {eo the State.
3.1 .1 3.1 .11 1.6 W17 1.4 1} 1.5 A9 1.2 .69 1.1 .50 .a .36 1.1 .39 1.4 .29 1.7 17 2.2 .08 .7 1.327
COMPARATIVE DATA
Dats ip tha following tsblo are the moan temperature and average precipitation for Dickinson Experiment Station, Norta Dakots for the period
1906-1830 and sre included ip tbie publicatlon for comparative purposes:
: 10.2 .46| 24.1 .40 | 26.0 .86) 41,8 1.21) 51,4 2.50| 61.9]| 3.48]|68.1 J2.21 |€5.7 }1.82 |35,8 |1.32 [43.5 1.02| 29.3] .48|14.8 .30 40.3 [16.07

—-817—

ETENETTE T — -

g i -
e A —— > nnt

B U U —

o v ———
— =
VN T IR e e Petmem—erc

85

T

Hh




*MEAN TEMPERATURE AND PRECIPITATION

‘5., JANUARY | FEBRUARY MARCH APRIL MAY JUNT JULY AUGUST | BKPTEMBER | OCTOBER | NOVEMEER | DECIMBXR ANNUAL
e IEIRAR IR R IR R IR IR IR AR IR AR AR RR IR AR AR R AR AR AR
2 i { Ll t]s 1 { i
: AR AR AN RR AN ARAEARAN I AN AR ANAREE. i i
- - - - - - & - & - - i - [ [
R CENTRAL OIVISION ' !

g'%w"“t H] H; 18,0 (a2] 18.6] .33 29.2) 1.20 2.10) 66.7) 371 1es| 1,00 ] 7200 199 s2.8] .23 ) sou1 ] s ] saaa] e ) 2001 a0 ]ases hiearr
W ENNEBEC 1940 21 22,7 #5601 32.210 1,08 2436 88.7] 3,287 7T 31 1.8 | THe1 ) 2403 f 048] 1,38 S1.5( 2,04 3.0 83| 2345 3 % l16.48
WRURDD ) 21.14 60 ] 2848 521 33,171 b.30 24T5| 68,871 3,340 TT.T] 1,19 T8.T| 1L95] 6505 1.22] 5340 1024 3044 2471 25.0 36 16463

@D | ERRE CAA AP 17.% 431 23,0 2631 31,3 1a1d 2,430 68,81 2.15 TT.6| 1469 78,2 2,03 a3 1.23] 5100 90| Ja.s bt | 22.7 a7 ?b 15.98
-PULHANA 3 W@ 18,2 2.3 32.7 9.3 EARL) Te.8 s4.T 51.3 34.) 22.8 Tevo
*ovivias )V.ol ohbi 22,5 #5561 33,2 1.30 2.79) 60,2 .80, 773 | 2o80| TH.9] 1.93] b4 | 1417 51,7 V1| 34,5 551 2349 43| 48.0 N1T7.08
* DIvIsiON 17.9 W451 2161 Lsal 31.2) 1.08] 47.s] a.e3] s8.5] 2008 7.9 .53 Te.T] 1ee2 | e8| 1e9a] saa1} 1.22] 50,20 1001 ] 36,3 AT| 22.8 39 (474218081
. EAST CENTRAL OIVISION !
. «  ARLINGTON 299 66 1449 2.3) 2.78 3.90 2491 2487 2419 [X¥3 3 «80 1 210
. BROOKIAGS t NE 139 NLIRITS) «30] 29.7; 1.07] 5.4 180 | SV.bf 2.65] a7af 3,99} 3.7 2,061 T143| 2.90] hleb| 2,107 496 124 307 87| 19.2 o07] 4%.0 |19.88

. CASTLEWODD 12e0 ] o0 16.9| a8 28,8 1.04] 44 3] 2,09 36.3] 2,60 65,9 au2a| T202| 2,69 TOML} 2457 60451 1.98 ) 48,3 ) 1431 ) 30.5 | o9 18.0{ e8] 4347 h2o.s?

CLARK 1242 1643 2841 [T 36,7 83.9 7.0 70.8 60,9 486 30.4 11.9 43.8

DE SMET 13.8 18.% 29.% 45,4 STed 81,3 T4 71,8 61.2 49,2 3. 18,7 8.9

FLAKDREAY 1403 58| 18,8 #70] 29,57 1.32) 45.%4 2.03] 57,04 2,93 87.2) 4,31 733 2,60 71,0 2,99 | 61,6 2,83 49.T] 2ad2| 3241 88 19.4 «97 | 45.0 [22.92
FORESTBURG 3 NE 159 0B8] 20,3 2551 31.2] Vabe| 47,0 2,30 58.6] 2,61 67.8] 3,900 3.0 2,26 T2.9| 2371 6341 ) 1647 50,71 1,29 3344 «10) 21.0 +89] 4008 20431
HOWARD 1%.% <50 19.9 #5811 30,7) 1.27| w68 2.28| SB.6| 2.40| 68,6 4,05 TS.6 ) 2,43 T3t 2472 83.2] 2.20] 50.9| 119 330 13 20.6 36| 4804 121419
HURON W§ ab 13.8) 57| 17061 <49 31,7 1.09f a6.8§ 1.92) s8.0} 2.25] e8.2] 2.08] 75.0F 2.08] 72.9] V.98 s2.8] 1.73) 50.0) V.26 32,5 .e6l 29,6 e8| a7 L7456
LA DELLE 7 NE 13.0 70 17,8 26l f 26.6] £.03] 49.8) 1.66] $7.6] 2,28 ETeZ( 3,051 Téed [ 2,541 P19 ) 2,20 f 8243 1641 494 [ Tats] Diet «37( 185 W50 [ 44,9 {18.33
MILLER 16.0 S8) 19,9 #5041 30.%] 1.13] 46.9) 2.13)] 58,4 7945) 2,02 3.1 1.83] 83,2 1,28 %0.5] t.25] 334 #5371 21,3 7| 4606 110,21
REOF IELD 13.8 #5001 1843 7] 3044 299 ae.5]| y.82] %4.8 T8.T) 2408 | 73431 2403 6341 1,34 5043 1,22 32,4 o361 1948 48| 45,9 |17.38
WATERTQWN CAA AP 11.3 051 15,7 6D 27,3 1.08] 43,4 ] 2006 Sb.1 7246 2.84| T0.3 | 24631 60,1 1e93] 4T bads| 2907 T2 174 «31| 43,1 (20,87

s 1 WENTWORIW .55 vo8 1.%0 2.2 2,19 318 2.48 1.%8 .89 «61 23.217

)

. DivisIOn 142 «52] 10,3 571 29,71 1.21] AS.T 2.00) SV.8] 2.85) 87.2] .08 T4.2) 2,83 T1.9] 2.57] 62.0] 3.98 ] 49,7} 1,27] d2.0 T2 1943 o331 43.2 120,61

. B S50UTH CENTRAL DIV
ACADEMY 2043 52| 23,6 6T 33,0 123 €7.9] 2,35 20.8] 2.95( 69.0] 4.11) Va2 2,23 Va 7| 2456 4,6 1432 32.0] 14241 380 381 2408 ohb | 48,5 [20.40
SGREGORY 2148 30| 20080 «TAL 32,3 1040 47.9) 2,22 390 3,01 68.7] 6,24) 76T} 2,08 4.6 | 2,48 65.0| de66| 32.8] 1429 Y6 «TBY 2640 +60 ) 68,9 121.00

: —wINNER 238 +491 29,8 <501 33,00 .26 8 68,50 2,00 39,40 2,73 ] b0.9) d.aT7) TT.L 1L TTY VS.0) 2.55) 6541 ) Jae1 ] S2.5) da11) 36.3 o92] 2600 46 ‘f” 18,51

%000 23.0f 59| 2601 c87) 3u.0f L.39) 9.0} 1.7 89,2 of 3.607 776 ] 1,801 78.0] 1.73] 66.0] test] s3esf 1aa3| 3ree | werf 2.4 Les] 4.8 [1s.12
! PIVISION 21.8 <521 2%.0 «66F 33,41 1.32( 6.3 2,08 $9.} 3.90| 7702 1,97 5.0 2.33] 6542 1a21| S247] 1419 3646 b2 | 26,0 9| 49,1 [19.50
. SOUTHEAST DIVISION
. ALERANDRIA 11.2 A2 21.3) L80) 32.3[ 1.28] 48,4 .72 ToaTl 2,26 ] M0a3 ) 24841 6606 ] 24111 52407 14241 3409 68| 22.3| .46| 47,8 [20.45
ARMOUR 19.6 «53] 23,2 <70 33.7] 1.as| 49,2 2.10 78,2] 1.98) 79,7 3,33} 65,8 5 1.22) 35,3 «TA ] 20,0 581 49,1 121,88
BONESTECL 2049 98| 23,9 «T7] 33,1 1.T8 | aBad 3.30 Toe3 L 2434 T6.2] 3.00| 64.) Ea37] 35,9 «72| 2%5.0 256 | AB.S 22488
CANISTOtA 2 N Lo 60 88 1.%% 2.87 2,68 3443 .48 1426 .18 <39 2316
CANTON 1746 21.8 32.8 B, 5.9 3.7 84,3 5242 3.9 22.3 47,8
MARION 1743 +33) 21 91 32,6 1.83| w8.2 3.1% Tes3] 2,80 74,01 2,07 oaa| 2.3¢] 52.0( 1,42 38,2 <82 2149 203 | 47,7 (23,48
MENNG 1844 66| 22.5 W88 33.3) 1.82] #9.2 3.2 76,7 2,38 4.0 3.06) a8 1,98 52.8] ), 26| 34.9 «T9) 23.0 «63 ] 48,3 {22.88
MITCHELL 2 SE 18.2 7] 22,0 «60] 32.9) 1.61] 48.8] 2.24] 60.1] 2.7 T6.8) 2,26 1403 2.71] 64,9 2406 3203 2,25] 3% 09 22.9 30| 48,1 20099

B PARKSTON 3 E .52 »68 1.34 1.99 2,85 2.3% 2,91 2.3 1,13 69 5% 21.29
SI0UX FALLS WB AP 18,2 «12] 19,% 761 32,00 1.35] dsan] 2038 5801 3.38) es.af a.23) 7a.8] 3.00| T2.8 3.28] 2.4 2.93) 30.0) Loas| 32,2} 1.22) 2008 s6T1 A5.8 [25.74
Tynpary 19,8 W56l 23,2 <811 33.6( 1.52[ 48.28] 2,00 60.0f 3,26 7206 4,02 VT Ef 2,42 T8 3,10 64,9 2.20( 52.9] 1.17{ 25.8 oT8( 2441 oS53 48,7 (22.24
VERMILLION 2 N 2048 31 2609 801 13,0 1e23] 50.4f 2,28 8147 3,09 YiaS| aeda ] FTLS| 04| TS.N[ 313 86,2 2.88] Se.b| 130 3702 98| 25.4 601 50,0 124.08

. wriTE LakE 18,1 22.0 3244 48,0 59.3 89, 76.8 Thed (1Y 3 2.2 35.0 12.8 AT
YANLTON 3 NMW 18,6 6n| 22,0 o0 32,21 §.22) 4TS} 2,08 59.5| 323 69.6] A58 Te.5] 2.30| 730 3.05] 64,0 2.29) 5241 1,36 Ja.0 7] 23.8 A% 47,9 [22.72

DIVISION 18.8 .9&’ 2248 «BO] 33.1f lead| 48.7] 2.17) 60.2| 3,08 699 4.22] T6.7| 2,47 Ta.6| 3.02) 64,9 2,18} 52.7{ 1.26] 3%.s 781 23,8 8T | 485 22480
. s for period 1931-1933, except for ataticns marked WB wbhich are “norsals” based oo period 192:1-1050., Divisiooal mesos may

00t be the arithmelical average of individual stations published, since additional data from sborter periocd staticoa are used to

obtein better aresl repressntation.

3 lontcl
bzt

S Co bl -

SE "
NS 7

N CenZict

G4
S Mer

erd

¥5.2

L A9

qdE <

45,0

oL

4¥¢ 1
477

- 867 —



*MEAN TEMPERATURE AND PRECIPITATION ) :

-
JANUARY | FEBRUARY MARCH AFRIL MAY JuNz JULY AUGUST | SXPTEMEXR | OCTOBER | NOVEMEKR | DXCEMBER ANNUAL
SD.~2 5 ! H i il -
. .
BSTATION s : c
q i i i i { AN EN: N
- » » = - - ! E [ < - [ 3 " - - M
NORTHNEST DIVISION ‘
.
«aBELLE FOURCHE 2 NE 2241 .26 2603 .23 e8a ] 05.9f 1,861 S6a1| 24101 6443 ] 3.18 ) 7311 L33l Tos | 2t eee3 ! tiasf asutl Jrrlasio] a2 2eat ) 22 sees lira N
=K AMP CROOK 1704 o30] 20,3} W) 2790 4303 [ 1227 ] 54060 2.0 63.5] 2,830 3.0 1,807 Tout| 1039 59,3 | 98| 46.9] 69| 3i.s] .30( 22.7] 2| hsen vl
~DUPREE 16.7) o391 20,1 .59 1o15] 45,81 1,48 57,0} 1,92 66at| doas| 7503 [ 1.82| 73001 1.58] a2, | .oalav.s| o9 d2.0] .33]22.4| .38 T{'.ﬂ. 3. 10 o
oL ENNON 13:7] A7) 10e7) 32 «98) 42,71 12410 34031 2,051 63,1 3,911 72,00 3,78 69.6|da78] s0.0| 126 | a6 8] .81 30.0) .e& 19.9] .26( £LB-d13.ae o
~LUDLOW 7 Nw 17.2{ 33[ 19.3| .0 o31] 42,71 1ais | 33.a) 1,03 62,8 3.39] 71,1 1.08] 68,8 1.a0] 58.a] e[ asu9) 77| 30 Lanf 22.5( (20| %da 13 o
. ? ,
AMEVELL 2 Ny . 18,9 21.8| o3¢ «92] abebi 14751 33,40 2.38) 6a.2| 3023 73.3) 1a7s| TH.2| 1,270 6046 1,23 a8.8 ) L7 331} W33| 2303 .32
NAN DAM 2144 24,3 29 +82] 46,21 1,871 0.8 2,420 65,3) s.anf Te.8] 2.n0] T2.8) 117 ) s201 ] 1018 ) 906 o80| 35.%] .32] 2640 26 -~
DIG 9 NE 1609 af 1909] .3y @731 A344| 1,29 Sec1f 1.80) 62,971 2,93 Y21 ) 1esaf ev.8) 1,07 3809 .99 #%.0( .78 31.7] J39] 2203 26| a339 [12.er '
€ 20.00 o38] 23,7 .37 e93] ab.3) 1.81) 36.8| 2,697 65.2) 3.40] 74000 1.00] Ti.af 1.27) souv ] 107 a0c2] (e a3l Lsof 2607 3zl €SI fisorne i
DIVISION 17,9 o1 21,0 .38 o83 443 ) 1oa8) 35.4| 2.08( 6.0 3.39( 73,2 1e67) 70.8] 1,30 60.2( 3,09 a0.3| 83| 3203 .ea] 2301l L26] 85,0 [1ea3s i
NORTH CENTRAL DIV ' B
“gowoLE .8 .50 .95 1.72 2.43 4,03 2,09 1,93 1.2% t.01 .33 .30 o
L UREKA 1oe0]  L30] 1a.8f  (30f 26471 691 AD.9} 138 363 2,401 68,1) 0,02 T2.87 2.37] T0.0) 2.20] s0e2) 2430 ) ¢Fes] L99) 29.9) L8] v L2s ¢
WFAULKTON. | N 13,71 «agf 17,8] .a5] 29.3) 097} A543 1.86(757.2) 24604 66,6 3,53 T30} 2410 T1e6] 2.09) 61a5] 138 4903 1020 32,34 52| 10.7) .36 R
WGETTYSBURG .38 Y o9 1.58 2.22 .69 1.92 1.12 1.19 +90 A2 o34 .
-—408R IDGE 13.3] 42 17,4 .a7) 29.07 94| 48400 1.29] 58.0] 2,22 6700 3481 | 3.2 ) Zo37] 7340 1,87 6240 1e02] 0901 1023 ) 3207] 38 19.6] .3t ki !
~FoNaxa 31 a3 Y1 1.57 2.13 3,63 2.0 1,97 1.28 .93 240 .49 N
-mfOLLOCK 1 10621 «I7) 1823, W37( 2609) 481) 48201 1,21 ] 383 | 1.96] 64,0 Dol | 7245 2408 TO.S | 1a73] 5948 ) 1022 [ AT 1] 21e04| 2%.86 | 38 17.3] 20 éi' .
WLIMBER LAKE f, . 13.8 11,3 276 [T 368 83,8 Ta.2 7.8 60.8 an.l BRI 20.0 Do .
olvision 12471 48] 1681 49§ 28401 92] 48,9} 1049 ) 36.81 2420) 05,71 3,830 73.81 2408 Tied} 190] 6140 1423 o8.5 1 1,03 30t ] 03] 19.0) .32] 4ved fibesd
NORTHEAST DIVISION
“w-ABERDEEN CAA AP 11,00 .68] 15.8( .83{ 2051 1.20| 83.2f 2.12| 375 2,241 s6e8| a.00{ 73.0| 2,61 71.0] 2.08] 61,0 1.a3] 8.0 1,20 308 73| 3v,6] 63| asso,
BRITION 1081 a4 14,8 o581 27e8) L79) aned) 1.T7T) 37431 2.22] e6an] 3.95] T304 2007 Thea] 2.02| bie4| 1.50] 49,0 1001 ) 30,0 .88) 1v.0] a1 %6
LEOLA e i3] 92 1.72 .05 389 2.73 2.4 1.6} .92 1) o35
MELLETTE 12037 o80] 17001 o83 29487 DoiB] 6.0} 1ePT] 37491 2.33) 87,2 A.O] Tee3| 2.07) T2.4] 2,00 82,0] 1,42 4946 1.17) 315 L87] 18.4] .em]| sauy
MILBANK 1308] ,37] 17291 o58| 29,80 2a19) A7) 2.22] 50,7 2.78) 680 4025 | T4 T 2.43] T2.3) 2.63] 82.5] 1.87] 30.7| 1433 32,3} L78) 19.8( 98] a3.s [20.10
VICTOR & NE 62 B 1434 2,01 2.89 431 3,02 2440 1.69 1,21 «90 .61 20,30
DIVISION 11.7 30 16,3 «63| 28.6/ 3.08) 43,3 2.00( 375 2.47] 06,7 4,99) T3.8) 2,53 T1.6] 2445 1.3 1.8 49.3) 1.08) 2102 $70) 18,1 «53 ] 44,3 (20400
BLACK HILLS DIVISION '
_DUSKALA RANCH 1.27 27 1.7 3.1t a.01 4,25 2.59 1e80 1.48 1,26 .98 24,49
LUSTER 3 .38 1.00 1.89 3.0% J.0¢ 1.9? 2452 1,08 1.0% .36 11.19
~DUMOKT 2 ENE 1439 .87 1.8 2,53 3.3 3.8 2.12 1,78 1.38 1.1 .98 22.00
—H0? SPRINGS 25.1) oa1] 27.8) 520 3403 | 1.12] A6.8) 1.91) 3881 3,04 6643 3,01 I3.3| Zh22| T32) 1.1 8249 te33] S10] 77| 389 29.0( 367 48,8 [l16.87
~1E40 a3l tanng 2s.tl Lsrf ze.7] 1erof ataa] 2,98 St.1) 3.90) e0v2] w09 ] 69.7) 2.08) 6700 vaes ] se.a ] 1.57] asi0) 1a32] 3ees 28,1} .95 T™e 230
¥ —
SFEARFISH 9 WAV +80 -5 .08 2.2 2.78 3.6t 1.66 [RYYY 1,97 .95 RO 30 (ST
DIVISION 08| W76| 200T] w6T) ILe2| 1003 43,9 2.28| 33.1) 3.e%) 6241 3.70| Teo3[ 1.98) 69,4 | 190 so.e) vuan| aseo| 1anaf 3s.2] e 27.8f Les)asar seanr
SOUTHWEST DIVISION I M
«r=COTTONNOOD 7 E 20.0] 31| 23.3) Lag] 30.B] .03| a8.B] 1.62] 7.3 2.57] s6u8| 2,90 73,9 1.39) 3.7 1.25] 63,0 .99 %0.3] .09 3e.e] .38 26.3) 384700 linaae
«rt ONGVALLEY s a7 1.18 1.85 2.9 FIE L 1,40 1.78 1211 1408 ) 2B = Jis.\s -
-OLLRICNS 23,8 o33 26,71 .29 33.¥) 1,02 ab.b] 179 36.6( 3,09 66,1 ) 2.69] 75.8] 1,98 TI.8( 1.30( 63,0 2.28] s0.8) .78] 33.91 .39] 28.8] .36 3 hs. A
~=RAPID CITY uB AP 2le1f 48] 23.9] 32| 31231 1,08 aa3| 2.011 347 3.05[ 63.7] 3,36 72.3) 2,08 T0.9) 1.96] 605 tare]| as.1| 1oaa) 3530 Lesi 2507 G3s fTURla fitat0 )
-RAPID CiTy . 26,41 02] 28.7] 43| 32.1) 1408] A3.7] 2.00] 36.2] 277 85t 3.45( 7403 ] 1,83 T2.0| 167 62.2| 98] 51.2) .93] 37.3] 39| 29.0] .31[A8.D [1s.33 ;
DIvISION F0eB|  A0] 25,51 LAD) 22e3| 9D Asad | 1eTI| B8.T) 2o76) 660 2.01) 73.0) 1,68 73.2] 1,00 62,9 1417 50.8] .oa] 338 .a0] 25.9] L22] a%.7 [is.es s
-
"4
¢ Aversges for period 1931-1933, except for stationa marked ¥B which are “noreala™ b d 0o period 1921-1950. Divisiocal seens eay X
pOt be the arithmetical age of individusl stations published, since ndditiona) data fros shorter period etations sre used to 1
obtain detter areal representation. "
. ¥

s

CONTIDENCE LIMITS

In tho abgence ¢f trapd or record chaogea, the chances are 9 out of 10 thet tbe true mosn will lfe in tha interval formed by sddibg and
subtractiog the valuea ip tho following toble fros the mrans for any sistion ip the Btate, Bacausc of the widor varistino in mean pre-
cipitation, the correspondiag montbly soans and ancunl mean wust be substituted for "p* o the precipitstios tadle belov to obtain mean
pracipitation contidence iibits, | . \

' . !
326 1.2 l20v6 l.o!.:zﬁ 1.2 'i;uﬁ 14| 14,248 1w aese] 8 L2008

L41/5] 1.2

2.8 {2246 2.8 |65 1.6 [274] Q.3 [3946] 1.8

'
COUPARATIVE DATA

Dats 1o the following table mro the wean temperature and sverage precipitation for Bedfield, South Dakota for the pericd 1906-1930

end are included in this publication for compsrative purposcs.

' .
11.3 |0.57 |16.7 [0.64 [ 30.8 |0.89 |45.8 [2.00 [56.4 [2.78 [66.6 [3.21 [ 72.3]|2,51170.412.33|61.111.68 47.6}1.39 33.1 0.74 [ 17.9 0.53]44.1 IID,H .
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*MEAN TEMPERATURE AND PRECIPITATION

' JANUARY | FXBRUARY | MARCH APRIL MAY JUNE LY AUGUST | SEPTRMBIR | OCTOBER | NOVEMENR | DECIMBER |  AnNUAL
I i il i §
BTATION i l i a l g l
[/7A J e - - - ! ng og & o! E ! og i ] n! i s!
YESTERN ; n
oEsERST 25.4| .e2] 31.8] 0] 30.5] o3} «8.7] .79 se.9| .75] es.0f 47| 7a.2] 1| 72.3] .54]e3.2] .3¢]si.e] .eefar.1] Lesze.a] .30l 4.8l e.a0
+ ¥ILFORD ¥B 4P 23.8] 87| 30.9] 71| 30.2] 1l0a| 47.8] 78] s6l8| 74| 63.8] as| 74.0] 77| 71.7| .e1]e2.8| .40|s0l1| lea|37.«| 54)28.0] .78 49.0! 844
¥ODERA 23.8] ay| 31.1] 74| 38.3) Ties| 48i8] 73] 33l2| 62| e3.4] .a4] 71.0] ‘o8| esle} 1.48f 62.2] .6«¢i 30.3] 1.0 37.s| 55| 29.4] l87] anl7| 0.88
PARK VALLEY 23.8| 1.03[ 37.¢| a6l 348} (75} «elm] 100] 33.5| los| e1i2| oo/ 7201} o3| 70.s| .78{exl2| les)esis| .6¢|35.2) .aef27.3]1.05]| 48.8] 1043
VENDOVER CAA AP 27,1 .a1) 32070 lsof aii7| lsa] sz2.2| lse| e1.7] .sa) 70.1] .«9| B0.0| .3¢| 77.8] leo| ssla| .33)sals| Is1|3sla]| l27|30.3) s1] s2.7| 4e2
DIVIStON 5.7 .73 30.2] .s3 37.9) .so| «s.1f .as| se.0] .e2| ea.¢f .s8| 7a.2] .67{72.3] .78)e63.2] .46 s1.a{ .71]a7.2{ .e2]za9| .1 8.22
'\l.nxu
ouxNLocK PE 1.3¢ 1.28 1.83 .82 .30 .27 1.08 1.18 .78 .84 .89 1.48 11.73
8T GXORGE PR 38,7 .99 «e.3 1.01| 31.8| 92| eo.4f .81 es.1] 33| 75.0| 22| sa.3| .ezf a1.s| l67] 74.8] les|er.8] le1| 4s.0] las| a0.ay 1l24| s0.8y al22
TioN NP 30,4 1.88] 4307) 1i70] 30l0] 1.72] sein] 1l21| 7.8} 73] 77.0| se] 84.3| [me] 82.3) 1.31] 76.3] 1.08] 64 0] 106 s0is| ea) a1.9] 180 61.4] 14260
DpIvIsION 6.0, 1.18) «3.1} o8 «0.8 1.91] s9.5] .e8| 67.a] .¢7] 75.8] .3¢| s3.«| .s1| 81.3] .02f va.7| .73 e2.0] .e3) es.0] .61] 40.3} 1.23| s0.5} 10.07
NORTH CENTRAL
Alsine : 1.42 1.29 1.23 1.58 1.28 1.02 .a .93 .51 1.36 1.18 1.61 14,01
BRIGHAN CITY 25.0] 1.08] 31.0 160 39.0| 181 s0.2| 2.13f a9.1 1.74] e7.0] 1i41] 7e.3{ .«8| 73.8] (38} ea.3] I97) 33.0] 1.39] 3a.6) 1.86] 30.8( 1l80) s0.7| 17083
coR0E 23,8 1.32 20.1) 1.3 38.1] 1.85| «8.3) 1.73) 57.1] 1.72| eslo] 1l12] 242) 30} 72 46| g2.8] ‘81| 31.6) 1.19] 3773 1.35) 293) 1172] 4sl1) 13.23
COTTONY0OD ¥AIR 2.10 1.92 2.38 2,49 ‘10 1,40 18 1l23 119 1.8 2.03 1797 21,20
ELRZRTA 26.9t .72| 32,00 .77} av.6] .92] «9.4] "leo| 37.6] 102} es.7} 78] 74.7] 84| 73.3] 80| 63.0| .as} 31.8{ 1.03] 8.1 (78] so.a| “[s9{ so.z; s.e2
x 1.47 1.38 1.38 1.28 1.19 02 1,07 118 .58 1.31 .07 1.65 14.48
FARMINGTON 261! 20280 33,80 1I70] 41.0] 2l09l so.0l 203z| se.0f 1176| e6.4] 1la1f 7s.6f 43| 73.9] 1l02| 6.7} ‘e9| s3.7] 1069} 30.6| 1l69| 32.4] 2.0¢] s1.6] 19.39
LR¥JITON 20.e) 1.23 26010 1lesf 36.8) 1.93) 8.3 2.38) 34.3] 2.12] s1.3) 1l31] eoin] Cse] s8i1) lss| 39.0] .97) 48l1] 1.34] 3476] 1.531 26.4 182} 45.8] 1825
LOGAN UTAH SBTATR UNIV | 23,0, 1.80] 28.4 1.37] 36.8) 1.e6| 31.4| 2.16] s6.8 1.88] e3.8] 1.3s| 73:5] ‘43| 721} .7 e3ln} Cez| s1.s| 1.5a 36.«] 133[ 28.5) 1,60 4d.8] 17.03
LOYER AMERICAN FORK PH 28.9 1.3 33.8) 1.47] 40.9] 1.61{ 30.8] 1.75] 89.4] 1.48| 67.4 1.23] 78.8] [79] 75.¢] 1.11[ 67.3] .e4| s5.4] 1.61( «0.8 1.43] 32.8] 1.78| S52.4{ 16.49
+ MIDVALE 27,8 1.23] 33.1) 1.26] 40.8 1.4 s0.3) 1.61] s6.4| 1.33] s6.8l 1.00f 7e.2) .7¢] 74.4] 98| ea.7| .51] 33.3| 1.26] 30.3] 1.41] 32,0} 1.28[ s51.4] 14.23
. OGDIN SUGAR FPACTORY | 26,2 1.70| 31.8 1.48] 30.8 1.89 so.0; 2.18| Se.8 1.8 ee.ol 1.31| 7s.¢] lse| 23l4| 79| eai2] s3] s3l0) 1le7| 3817 1.s4| 91i3f 1.82) 30.6] 17.07
PAYSO. 1.47 1.2 1.52 1,42 1,39 l03 82 o1 77 1,38 1,37 . .
PROVO RADIO KOVO 1.42 1,32 1.27] 1.31 112 .84 ‘68 lag 138 1,43 1.20
RICHNOND 1.96 1,82 1.9 2.2¢] 2,08 1081 ‘60 k] s 1.84 1.75
RIVERDALR P8 26.20 1.78 3.2 1.51 30.3 1.05 0.6 2.04 579 1.30 es.gl 1.31f 7a.a] .34 72.7] 78| e3.4] .78 s52.3] 1.64] 38.4] 1.57| 30.8
BALT LAKE CITY WB AP 28.5 1.2 3.4 1.2 41.1 1.66( s0.1] 1,78 s8. 1.56 87.1 .01] 76.68 .81) 74.4 97| 84.2 T4} S2.9§ 1.34] 39.30 1.42{ 31.8
BANTAQUIN PH 27.% 1.87 3.6 1.77 s6.0 2,22 8.0 ﬂ.lq 57.1 1.80 63.4 1.13] 74.9| .87] 72.4] 1.08} 84.7 L77] 82.4] 1.87) 38.3] 1.79] 31.1
8bANISR FORK PR 2003 1.74 33.1 1.48 40.8 1.98 31.7 1.88] 50.8 1.41] ea.d 1.07} 76.6] .78| 7ala| .8s{ e6.2[ :72{ Sa.4] 1.57} 4003} 1.e2| 3204
TOOBLE 20.2 1.28 32.4 1.34 «0.¢ 1.80 308 1,81 s8.8 1.47 e7.2 1.07] 76.7] .81 74.8] .oal es.5| .e2] s3.2| 1.37] 39.1] 1.56| 32.0
UTAR LAXE LENI 20.6 .88 30.7 .84 38.3 .oy «6.1 .01 s8.3 .eal Ge.d .73 72.3] .72| 70.7{ .o6| e1.3} .e3| s0.0] .e8) 36.7] .3 20.4
, DIVIBION 28.6| 1,67 30.8) 1.230 38.1] 1.80] 49.1] 1,70] 57.3] 2.49) €s.1 1.13[ 74.8] .70[ 73.0] .85{ 64.3] .e8] s2.4] 1.20] 38.4] 1.44] 30.2
SOUTH CENTRAL
ALTON . 25.6) 1.67] 28.11 1.64] 33.4) 1.53] 42.0| 1,13] 50.6 .70] 50.1! L88] 85,3 1.43] 64.1 1.62] S68.1| 1.39] 47.9] 1.27| 36.7 .85) 20.2] 1.93 45.0} 15.82
. BEAVER 20,3, .e4| 30.8' “lpal 37.3] 1.11f «8.0 .98} 3.8/ od] e1ls| 71} ee.2| 1130] 67.8} 1.58] 60.3] .76| «8.7| 1700| 35.3] Iso| 20.3| leo| «7.2| 11.77
CRDAR CITY PH 20.5. .88] 32.8 .04] 39.8; 1,18] 49.0 .94/ 58.9 .82/ 65.8 .50] 73.3] 1.03] T1.7] 1.04] 64.4 .63] 52.7) 1.14] 39.8 .88 32.2 .93 50.5/ 10.81
ESCALANTE 260 1,20 3110 ss{ 8.0 .oa| 73] Isey ssl2l le7j e3.1] .sa| 70.3] 1.33] e7.e] tlss| e1.4] 1.11| 50.5| s.11] 37 4} o4l 29.0[ 1.23[ «s2{ 12710
PILLYORE 28,6 1.38] 3304 1048 413 1.83) 1.0 1.30] 30.3 1.32] e8l3] .as| 77.3) 75| 75.s| .o1| e7.0! .52] s4.9[ 1.15] so.4f 1l26| 32.3) 1:33] s2.4] 14.28
XANAD BB 34.2 1.50f 38.0] 1.5 44.0] 1.2¢] 83.2] .84] 60.9] 48] 60.1| .«0f 76.6| .20]| 74.7] 1.50{ 68.7] .os| s7.s] .92]| 4s.0] .72{ 3.8 1.63) se.0}12.62
KAKosa . ‘28 1.2 1,48 18 77 ‘o9 a7 1.02 1,28 1.29 13,79
LXVAR 25.4] 1.16] 30.0 a7t 1038) sa.0! 1026] sa.0r ma| 72.9] l74f 71.6] ls2f sa.7| 61 s2.0| 1i28| 30.4f 109 20.0§ 21138| 4s.¢) 13046
22.4 .36 26.1 . . 4.7 .33} 80,0 .52} 87.7 .81} 64.5f 1,151 62.6( 1.33] 53.7 .69 43.3 771 32.6 .30 24.2 .40 43.0 7.20
yrs 2.0, 102 2020 2321) 376l 1034] e 1.38) se7) dlo7| e2.3 lexf #e.a| a0 snia| 33| abia| [s7) 3012 1.2 36.8| (23| 2808[ 2024} 47.0 12001
KORONI - .87 .68 17 .76 .14 .89 94 .61 .91 .74 1.09 9.88
OAK CITY 20,3} 98| 33.4f 1.08| «1.1] 1:31| s0.6] 1.24] se.0] 1iz0| es.2] m] 7e.0| sa 76.2| lem; e7.1| Ise| ss.zi 1l17| 3e.s) aloz] a1.7) 1l10| s2.4) 11067
ORDERVILLE 1.77 1.88 1.49 1.07 .68 .47 .80 1.24 1.16 1.14 .98 1.96 14.59
PANGUITCE 22.1. .58] 26.4 .51 3.8 .758] 43.0! .60| 50.1 .386] 57.1 .577] 63.9] 1.%0] 62.4] 1.57] 33.8 .81 45.4 L8511 33,8 .39 28.2 .68 43.2 8.23
PAROWAN ‘88 ‘06 1.39 199 196 54 117 117 7] 1.00 ‘as ‘o0 11039
PIUT TAN 31.2 .49 3s.0) 78| «7.3} .s8| 55.1! o3| e3.5] .e2| 71.4] .o1) e0.8] .07| e2.2] .73]| s1.3] .76| 38.1| .s4¢] 30.2] .58 4as.7| 8.10
RICHPIRLD AADIO K8VC 32.8] 62| «olz, 7| 483 8a| se.7] ol s4.5] 02| 71.8f .84l 70.0] 83| eris| :4n] silof 61| 3e.0l lz8( Jo.8] s4] 40.8] a9
LI T 1l08 189 97 77 72 74 7 n 178 17 .08
3cIp10 20.8} 1.18] 38.0) 1.28) «7.4| 1.00] 35.3; 97| e3.3] ls4| 71.4| 75| es.s] Ilso| eo.7| 33| «0.7] 1l14| 36.1| lo7] 2s.3] 1l2a| «7.8 11l67
DIvIsION 20.9} 1.00] 37.3] 1.37] «633] 1.00 se.2] .s7] 62.3] .70| 70.0 1.12| 6s.0] 1.27] 60.9] .73{ s0.3} .sa| 37.6] .s0] 29.61 1.18| 47.8] 12,41
YORTHERN MOUNTAINS
CITY CRERX ¥ATRR PLT 2.84 3.22 3.13 2.35 1,69 .84 1.08 K 2.1 2.48 2.78 25,93
COALVILLE 27.1% 1.23] 33.8] 1.87] 43.8] 1.19) 51.3f 1.z208] sa.0} 1.07] 66.0 .92 63.9¢ 1.17| 56.1 64| 46.7} 1.17( 33.5} 1.27] 26.1] 1.20 44.0] 13.98
HEBER a 25.3' 1,64 "col 1.40} 44.3] 1.,18] 52.1] 1.07| 56.0 .9 86.9| .831 63.5] 1.08| 57,6 2] 47.9] 1.311 34.7| 1.44) 25.7| 1.98 44.471 15,38
HIAVATEA 2878 .83} 33.3' 1003 «3:7} 3| s2.6' 1l04| 1.8, 1l02| 694l 2027] 67.2) 1las| e0l3} 99 «s.ef 1.27] 3ai1) .73 2611] 1007 esi7] 1288
LAKRTOWY 21.9; .83 29.2 .91 42.8] 1.03 50.1! 1.23) 57.0: 1,08 65.2: + 3 63.4 .86 55.4 .77)] 45.5] 1.03] 32.6 .85} 23,6 .78 42.4 10,78
X0RCAN 27.7) 1.8¢f 35.3) 1.60) 43.9] 1.40] 53.8] 1.20] 62.0! 1.04] 65.9] .33] s5.8] .28) 58.0] .5a| 4.0} 1.28] 24.2| 1.e2] 26.4] 2.70] 45.7] 103
KQUXTAIN DELL DaM ‘18 2,48 2.40) it 143 ‘84 97 ] 2.08 2.22 2.29 106
SILVER LAKR BRIGHTON 5019 5.47) 3,78 2.60 i 201) 1.52 1.76 1136 2.8 4.38 5048 et
SHAKE CARKK PE 24.8; 2.76| 32.0 2.57) 42.8| 1.70| 30.3) 2147l s7.9] 1111) es.6] .02 63.8) 1.16| s6.0] @5l 46.1{ dlez| 32.3) 2.17] 25,51 3113 43.21 22.80
SOLDIZR BLGNIT 20,3 1.54] 27.8| 1.47] 37.8] 1.11| 46.1] 1.0¢] 83.30 97| 1.4, 1.36| 55.9] 1.65] 52.3] 98| 42.0] 1.24| 28.8| 1.20} 21.0] 1.67| 38.0f 15002
YooDRUPY 1r.8l o] 26.4] 7| 38,8 .78| 47.2] 1.00] sa.2l .06l 2.1} .86 60.1] 1.01] s1.0] .70] a1.0] 1.02{ 27.8] .se]| 19.7] .33| 3m.5| e.38
srviarox 23.6 1.79] 30,3 2:21{ «1.3[ 1.63] ¢9.5] 1,42 s6.5{ 1.19] 65.0{ 1.00( 63.3 1.39( 55.5( 1.0¢] 43.2]{ 1.58{ 32.1{ 1.75( 24,6} 2.22( 42.3{19.32
UINTA BASIN !
DuCRRaNT 22.9! .34| 34.8) .73 46.1| .e1] se.3; .e7| e1.8] ,e1] es.2] .s7|e67.1] 1.27] s0.0| .84 47.8] .07{ 32.8] .42]22.35] .67 as.6| 9.28
YORT DUCHRENE 21,0 .38| sai3{ le0] 47.2| leol selol 70| e3.9; .71] 70.9] .52| e8.7| .73| eoie| .71| 4s.a] s8] 32.7] laz{21.3] ls8] 4si0| 7.1
st 44 184 a1 6 Rt 150 76 63 ‘98 48 R .88
WYTON 22.3 .323) 35,8 .42] 47.9 .84] %8.8 B4] 84.4 .61) 72,0 .64 70.1 .88} 62.1 .60} 49.8 .70] 33.3 4] 21.8 50 45.9 6.39
VRANAL AP 22.1] len| 3ai3| e3[ 48.of o3 sele| 73| ex.el 73] eo.5| .5¢] 67.2] .sof sel«[ .67 47.6{ s8] 326! 30| 21.4] 76 a4.3| 8.22
DIv1sION 22.00. .48 34.¢[ 38| ea.7| .71] 8s.8] e8| e3.4] .70| 71.1| .63 ss.6] .o8| eo.7} .7¢| 4n.8| .o5|az.s] .47]22.7] .es| (k5.4 e.12
COUTHEAS
— BUANDTHG 32.4! 1,20 29.2| 1.08| 48.0, .9¢| 56.7) .76 a3.7| .3a| 72.3| .99 70.3] 1.24] 62.7] 1.47| 51.8] 1.20] 38,6{ .82) 30.2| 1,53 =e.5] 12.77
BLIYY 37.8! .72} 82} lee| seloj 32| sels! 33l 738} (3] 20.7] 57| 7.3} 4] 700|300 57.3) “.7a] a2lx| sl 3al3) a2l ssis] 7ies
EMRRY 28.2] (38| 3.3 a7| esi6] 36| salz| 5ol eils| 33| esie| so| es.2} 1lz¢| sel3| i73| 4al7| el 3sis| 32| 27,0 s8] 40.2] 7.22
GREENRIVER AWY 320, (38| «2.7] leo] 33.7] .es| ealol 3e] 71i3] s2d 7908 isa| 771! eif e7.7] s3] s<of e8| 37.5| .3s| 2eiz| la7| s2:3| sled
FANKSYILLE CAA AP 33.1] 28] «3.3] 30| 3307) 28| 628, 3e} 71.8% .33] 7e.0| 73| 7a.7| la7| eria| 47| s4.8| ‘ez 38l0} 30] 2e.7) l3s| 33l1{ sim
.89 .98 1.09 .79 74 1.41 1.67 1.2¢ 1.32 .77 .93 12.90
38.81 62| 48.1] 70| 36.7) .78| ss.¢] 87} 73.8] .47] s0.7] 38| 77.8] .87] ev.4] .78} se.s| 1.03! az.6| 67| 33.0] 71( wss.e] al40
20.2] 02| 32.4) 1.04] 43.2| 01| 83.3] 78] @10 s3] 692 1.38] 87.0| 2700| s0.4| 1i47| 408 1.63] 36.5] ‘@0| 28.3] 1i13| wsei8] 23081
20.6] .sof 39.2{ .e9f «9.3( .81 sa.sf .es| €6.9| .73 74.3| .95{ 72.2] 1.10{ e4.¢{ .83 52.1] .o1| 37.0{ .«8{ 27.8] .08| ¢9.86] 9.23
20.1; .73| 32.8] lenf a1.e} 73] 82.3) 73| s1is| ss] 70.e) 32| 78.6| .eo| 7e.1] 08| esio| .7e[ ss.¢| 1lo1| 30is| a7 30l0{ .s&1]|<s2.7| 8.3
[orviston™ 35.9) .e8} 31.1) o8] 40.8] .84| s1.4] .50l 60.0] .s4| @8.7; .s0| 76.4] .73| 73.0] 1.10| 6e.0| .78] sa.6] .e1| 30.7| .33[ 20.2] .72| si.2]is.32

s Averages-for psriod 1831 - 1938, except for atations marked ¥B and Bianding
sverage 0f individual stations published, since additional data from shorter period ststions are used to obtain better aresl ropresontation.

which are "normals” based oo pertod 18231 - 1930,
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. *MEAN TEMPERATURE AND PRECIPITATION

JANUARY | FEBAUARY MARCH APRIL MAY TUNT LY AUGUST | SEPTEMBER { OCTOBIR | NOVEMBER | DECEMBER ANNUAL
W_)/aM/UG— [ > o! [ - [ [ & 0! i! l! - [ [
TELLOYSTONE DAL INAGR .
~LAKR YELLOWSTONR 1.07) 1.84 1.58 1.48 1.84 2.18 1.48 1.38 1.39 1,21 1.48 .79 10.00
LAGAR &8 sl .98l 17,0l 76| 23.6] .89] 3s.6] 1.00| 4s.1] 1.52| s1.8] 2.13] ss.6{ 1.30] 86.8{ 1.29| 49.0] 1.21| 30.6{ .09] 25.3| 82| 18.e] .87|w3s.o4 13,73
~TOvER PALLA 1.20 ‘93 1,30 119 1.77 2,39 1.a 1.30 129 1125 L 117 16034
“TELLOVSTOXE PARK 1 18.9) 112 21.6] e1) 26.9] 1.31 38.1] 1.20] 46.0} 1.71] sa.e| 2.26| s2.9| 1.18) s1.1] 1118 52.4] 1125 «2.6] 1.27] 20.1{ 1.02| 22.2] 1 18] 39.7] 1330
pIviaton 16.7| 1.13( 20.0 .o2| 25.9] 1.26| 37.1] 1.23] «3.9| 1.34] 52.8] 2.03] 60.9} 1.38] 58.9 1.20] s0.8| 1.24] a1.2] 1.00| 27.9| .95] 20.8{ 1.04 38.2] 13.03
—
SMAXE DRATNAGE
LT —. 10.1] 1.81) 21.8] t.e8] 27.0] 2.34 03.0| 2.04| 61.¢] 1.18| 53.2] 1.20( 43.7{ 1.53] 20.5] 1.57] 22.3( 1.36] 30.¢] 10.:1
~BEDFORD 3 TX 1007] 2014 21.3] 187 273 2.17) o1.6; .93] 60.4} 1.05[ 52.8] 1.23] 43)2) 158 28.9] 173} 20.7] 2024] @30 3= 2032
arovER 2 8 1301 152 1776] 1.a4] 2406 214 60.4] 110 sel7| 1iro| s173) 121 «2i1| 1lex| 2705 1s0f 1770 162 37.3] 18018
~OACKBOD 1401 1.47] 18.3) 1.43] 20.0 1.38] 81.0] 78] 38.9] 1.19] 31.4] 1.08| 41.8} 1,00} 27.2| 110} 17.9] 1.67 |mn7.5} 1532
. LMOLAN: 10.3) 22| 14.0 2.18] 20.3 1.86} 87.6( 1.02f 35.8} 1.33] 48.0{ 1.32] 38.7| 1,43} 24.8{ 1.80{ 18.2] 2.40| 34,20 21 21
© Rz RvER 13.0) 3.76¢| 16.8] .83 22.4 2.56( se.6| 1.43| 3.5 1.39] 48.2] 1.65( 38.6] 1.01| 24.1 2.91] 18,2 a.20] 35.1] 31.53
Dp1vin1oN 13.4] 2,76 17.3] 2.38] 24.0 2.4¢[ 50.8) 1.06{ 8.0} 1.20 50.3] 1.44] 40.8] 1.72] 26.8] 2.07] 17.6] 2.74] 36.7| 24.38
ORKEX AXD ERAR
DMATAGE '
-sonnxa 3 x 1.4 1,23 15.4 1.08 241 1.08 38.3) 1.11] 45.4] 1.28 s5.1| 1.33] 62.9| .e0| e1.0| .s0| 52.9 .e2] 42.7] 1.24] 28.0] 1.07| 17.4] 1.25)=38.2] 12.04
~DITON 1730 “le3] 2202 leol 3030 120l 41:.8) 1138 50.4 134 30.2) 98| 63.4| 1.23] 63.2! 119) s4.9] 82| «cis) 1.34] 3008 .82( 22.5] 1,03} .41.0! 12,95
—EvAXBTON 1 X 17.1) (78 20.3] ss| 26.7] .o« 38.3 1.02( «7.3 1.08] 3414l 1.07| 62.5{ .74| 60.9; .98) 32.9° .6a| 42.7. .o8| 28.0) .85| 21.3] .74|=39.5% 10.85
~GREXX AIVER 193] .48 24,3 8¢ 32.6) .70 43.9] 1.04] 53.3 1.19] si.6| .92| 68.7] lsof e7.¢! 87| 38.1; .64| e6.6{ 1,00} 32.0( .as| 23¢] leo|=44le} 887
DXL 1077 1044 1054 1.2t 1.84] 1.94 1 1.23 Yz 1,19 1.32 1.69 17.36
TRocx apmivca cak AP- | 18.0 .48 22.8] .60 20.2] .e6l 0.3 1.1 so.s 1.07] sv.6] .79 es.8| .e8| es.0] .76 s6.4: .75]| «e.r) 1.00] 20.4] .54 22.8) La1|_a2.s] .02
aiax ¢ oo o8] o L67] ‘78] 1:17 1,04 169 .83 63 ‘90 165 ‘se 9.20
p1viaton 1.4 .74 19,4 .o 26,3 .81 38.9 .93 48.2 1.7 Be.5) 1.08| 64.1| .83 61.8| .89| 53.3] .70| 2.8 1.00| z8.2} .8} 10.7) .72| 3.5} 10.28
BIG BORN ARD i 1
VIND RIVER DRAINAGE H
JeRyTH 10.4| .26 23.2l .18 s4.9 .3d <81 73| s6.d 1.07] se.2| 1.13| 7a.5| 61| 71.7| 20| e1.1] e8] «9.3] .47] 32.6! .3¢] 2.5
~~BUFPALO BILL naN 27,90 .44 20.8] g 34.d 83 «ci8 1.38] 3219 1.08 so.2] 1.97| es.o( 1.08] sa.2| .79| co.a] 1l03| s1.2) 72| 38le les| 321
. wCODY AP 24.8] .36 27.8] 3¢ 33.8] les| «s.o 1im1| 3317 1.4 eols 1l71] sole| 1.01] 67.5] 71| ss.n! .sa| 4sa| e2| 33.3; [e3| 208
~SSstuva 16:70 .20 22:7] 1y 3.6l l22f «s.3 lasl 333 lmel 633 1.18] 72.0| .33| esini 34| 57.0] s¢] 4el3; 36| 31.2] 13| 2105
DITRRAION DAM 2008 33 2007 a3l 320 4@ 49i 1l3d s2id 18| eolil 1l«o| emis| 7al esiil lee| 3701 1loo] 463} Cerf 318 38| 2400
w=puBOLA 2.9 .38 24.d 33 20 .og 36.4 1.10 46.d 142 sa.d 137 er.s| .ve| se.e| .70 sierarf eaa| Le3f 313 41| 3s.0]
. -—FORT WAZEAKIX 3 § 134 Rt KT 1.92] 2.30 1.53 .68 149 1.08 11 184
—-LANDER ¥B AP 1.8 .30 22.90 le1| 31.8 1014 e2.1f 2.1 s2.4 2.37] 61.5 1.33f 70.4] e8| ss.4] 80| s7.3] 1.23| «s.6) 1033) 30.0] 87| 20.¢
~LOVELL 17.8) .32 23.8 27 3.6 .47 3.8 .30 8588 1.10 63.d 1.33 72.1| .63| 6a.8{ .42| 37.3| .66 46.8] .e0| 32.8] .32| 22.8
PaAVILL1ON 19.4 .2} 2501 o 33l (7 e303 125 sele] 1.72) 2l 1:31f 7al1| 73| se.5| lse| sei4| lsa] «7i6' ve| 31.6] 38| 23.0
[} |
= 10,60 .13 209 17 33,0 22| 5.4 41| 34.9) 1.02| 62.8 1.31) 7.0 .30 en.7 47| se.8i .85| az.ov 37| 32.5] .19f 24.2] L10}ESE.Y s.00
—RIvRNTOX 18,4 .22 2200 27| 2.6 32| aa.s] 1037 salel 173l e2lel 1131 70ls| 67| e7.7] 47| seio] i7a| s6.4) 3s| 2008, 47] 19.4] 21433} a.90
SamNeane 3 5w 31.7) .38 22.8) .33 26.8) 1.17) 7.8 2.33) es.0 3.04) S2.8 2.78) so.a) 11s0| 50.2} 1.25) 5205} 1iaa| 3.1} 1013) 3r.0| 81| 24.8) .47|=s0.8] 17.43
—THXRNOPOLIS 20,3 .45 25.4/ .y 34.3] "le7 8.3] 1.72 55.4] 1.08] €37 1.68| 721 .71 70.0{ .37| 3.8 1.03| 48.0) 1.08| 32.9| .62 24.81 .30| —46.17"11.15
—YORLAXD 15.8] .30 21.8] 23] 3301 a1} 46.07 1.05 36.0 1.44] 64.3) 1l47| 72i4| le1| ses| 42| 3ale| .7a| 471} .es] 3i.<l 39| 200] 23| 447k 8i1s
DIVISION 20.0 .38 24.60 .38 32.2] .e4 3.8 1.39] 53.1] 1.79] e1.1] 2.55| s0.8| .03 67.3] .e6| sa.0) .on| «7.2] .e2| 32.6] .47] 24.2] .20| «4.5] 10.16
FOWDIR, LITTLE MISSOURI, ! i
& TONGUR DRAINAGE ‘ i
] . i
e 24,00 5@ 27,3 .ssl 33.60 1.07] 45,2 1.68] se.8| 2.23 ea.0 1.67| 73.3! .ae] M.zl Lvoler.n! 1.00f «s.9! o7 33.3] 63| 27.8] .53| em7.3] 12.84
NINE NILE CREEX 1.0l s3] 35,3 .43 3.4 o3l «a.2| L.e3l 2.2 2.0 609 1.77] 70le| 1l0a| 6511, las| sals ssl 47.7! l7a| 33l0| (74| 23.8y 36| 4slof 1217
_ ROCKTPOINT 2 ME 19:3] (89 22.1f .7s| 2807 1.33] «2.3 1.0 32.7 2.58 e1.¢ 2.38) 71i«] 1038 60.7) 1l08] 589’ 1034 4731 el 31.7] Casl 2303] I72] saia| 17.21
“~8HERIDAX ¥B AP 30.1) 73] 233 e1 31.6| 1.37] «3.31 2.26] 529 264 e1.4] 2.60] 70.6! 1.38] eaiei 82| 579, 10as| «6'8! 1027 3301 93| 20.0] le7|was 3| 1073
_DEERIDAN FLD BTA 19.6| .38 22.4 .62l 0.2 1.22] 442} 2.00 Sa.af 2.81| ez.0l 2.88] 71.8] 1.41| 6.8l .89 38l9: 1143| 477} 118 32.7] 70| 2401 [31|Teals| 16018
nrvigion 20.3) .62 23.50 .38l 20.% 1.18] «0.4f 1.88] 31.2f 2.43] se.s 2.06{ 68.9{ 1.34| 67.0] .92| se.8' 1.20] 46.31 1.01| 32.4] .77] 20.7] .s7] 5.4 1811
BRLLE FOURCHE !
DRAINACK |
ecoLary 31,7 .33 26.3) e 30.7 .03 «5.0 1.e6| 83.3] 2.23) e4.3j 3.29| 74.2) 1.1 72.00 1.1 u.c! 1.26| 49.6] .83 34.6] .67| 26.1| .47|w46.8}"14.90
~—GILLETTE 3 & 3180 .70 2800 .sof d0.9 1013 43.3] 1.7a| s209] 2.31| e1.3| 2.31| 7202 1l27| 70.2] 86| s9l9; 1.17| «8.7] .72] 33.8] 73| 28.1] les|_esis| 14i27
. BUNDANCE 74 ‘82 1014 1.70) 3.39 338 1.66 1,09 P13 99 18 .69 16,72
DIvisIoN 20.8] .04 2¢.2] .36 20.4 1.03} 42.7 1.e0] 32.3| 3.38] 61.2 2.96] 71.0] 1.58] 69.2( 1.13 sa.ai 1.93| a7.7] .eof 32.7] .73] 2e.5| .39]| ae.3| 15.02
e CEETIONGE AND NIOBRARA H
DRATNAGE l
—DOLL corr 1 82 23.6] .27] 26.8 .27 3.9 63.7 2.2¢| 73.4| 1,45} 70.7} 1.47] 60.4i 42| 26.3| .20] wae.6] 12.74
—r1gTLEY 22.7] 38 2301 ey 303 60.8 3.12/ 70.3 ! 's9| 28.0| 54| wadc9| 1725
LUK 24| .34 2009 32| 3208 6203 2.86] 70.9 ai ‘63| 2770] 30| as.9] 15.4e
NENCASTLE 23.2] 8| 2604 3el 3203 64.8 2.57) 74.4) 1. 2! 7| arl2| L aial 13e2
LBOCRELLE 3 B l28 (28 2.23 t.30 1.38 i 138 3 12.52
sPXRCER 10 NX .43 .9 J 2.48 1.87 1.40 : .0 .88 43 .40 13.86
Drvision 22.2] .41 25.6 .41| ;1. 82.5 2.45] 72.3( 3.32{ 70.4] 1.24] 36.8: 1.00| 4s.2i .ea| 33.8i 47| 2s.7] 31| szl 1.2
PLATTE DRAINAGE
~ARCERR .30, .39 .74 1.69 3.60 2,68 1.70 1.7 1 1.26 .87 4t .28 14.69
~CABPER VB AP— 22.s| leol 2.8 .72) 92.4] 1.13] 43.0 1.¢2] 53.1] 3.32 62.0 148] M.1{ 117 o2 25.8! 65| ~4s.2f 14709
—CHETEXNE ¥B AP . 238l Ise| 27071 lesl 3tal 1.22] a1l3] 2014 30y 204 803 210 e8l1) 1.96 10| 28.7| 32|—44.9] 1625
CHUGVATIR 27,5 38l 2003 37 3.8 1.08 esi8) 3l14 3.42| 61,8 2.47] 69.7| 1.85 . ‘2| 30.1] ‘e8| 4.7} 13048
—ELX KOUNTALN 73 KT 1.38) 1.7 1.3 193 13 92 104 B 70 ‘64 11,72
—EXCAAXNT 10 XSE 2.7 .se 33,4l Lea] 28.9 1.57] 0.8 1.00 4s.6] 1.asl s2.0 1.350 ea.o 1.1sl en.3) 1.3 saosl voaa] wsiz!l vas] s2aa] e as.a] Lerl—azial e
ZPORT LARANIR 11 MMV — L4 ‘5 ! 2.04 2.50 2.48) 1,49 1.29 1,20 o7 o 54 14084
= roxrasx 1.1 1038 6.0 1l39 21.80 1lad s0.6 1.81] 9.5 1.30f «s.3 1.63] 33.1| 1.e1| sa.0| 1.51| 4e.5! 1.22| 37.4| 1l00] 24.3] 1.20| 10.6] 1.06] _34.0} 17.2¢
~TECLA 147 l3q] 1018 2.13 3.3d 1.91 1.88 1.33 T ‘89 a2 47 15007
—LABANIE 23.¢] .38 25.2 .4 20.6 .78] s0.5| 1036] as.o| 1.46] s6.d 1.3o as.6| 1.75) e3.8) 1:23] 35.4] la1] as.2] Ces| 3zl las| 28.2] 41| wmez.7t 1116
~L20 @ gY .s¢l .04 .98 1.97] 1.4 | 1.08 0 .96 .83 1.02 72 .87 1114
MARSEALL 7 6% 14.¢] 63| 18.d 36| 25.20 s a7, 1017] ee.3 16| ss.7 1l23] e3.0) 1l27] er.4] 1ima| s2.1] 78| @.2! 71| 26.3] (47 19.1] 30 3s.4' 10001
—~PATEFINDZR DAM 22.s) .30 23.2] .38 32.1 .sg 43.d 1.20 5372 1.06] e2.8 1.18 72.2) 1.07| 70,2} 68| 6o 4! 83| «0.2| lso| 34.9] 48| 27.3] 31| ~eel 2P 5.77
-PINK sLUYYS 26,4 .29 29080 31| 34la| 70 438 1.63) sa.6] 2.45] e4.d 2.53] 7204 1.78| 70.8| 1.70| 613! 1iz3| 4ol6] se| Jeio] a1 2001 38| a7.9fr4l02
~BARATOGA 2004 .67 23.3 La1] 29.6 .73 40.1] 1.04] e0.1) 1.24] 57.8 1.06! 85.8) .87| 63.9| .96| 55.2} .mo| 44.3| .21} 30.9] .34| 2a.1| .30| w42.1] 5.33
<BOUTH PASS CITY .98 .98 1.22 1.38 1.26 1.4d .83 .0 .79 1.00 .91 8 12.75
—roRRisoTON Zxp razM | 26.3| .20 20.60 3| 3s.6f 78] 4c.4f 1.a6| 33.8] 2.4 es.3 283 72.0| 1.43[ 70.5| o8| e0.7] sioa| 49.7] 72| 36.3] 47| 20.2] 42| —s.2] 13068
+ VEEATLAND 1 K 20,1 .28 e1la) 3o 3603 67| 8.9 1.a0] s3.0 z.18) €sl3} 2.0 73l8| 1.17| 72.9) 1.04f 62:2] 1i19| S13] 79] 38i5| 42| 32:2] 36| wa9is] 1204s
Zvooxe 139} 130 14 1,84 .29 2.83 1.54 1.07 1.00 77 a1 37 13.40
Drvisron 2s.3 .07 35.9 s so.s] .o% «2.1] 1.e9 s0.9 3.04 60.1 2.00 es.4| 1.37| 66.7] 1.10 n.al 1.0¢| 46.7] .s0] 33.3] 63| 26.6] .33] a4l 13.3

. Averages for period 1931 - 1933, except for stations marked WB and Rock Spriugs CAA AP which are “normals" teaad on period 1921 - 1950, Divieiccal masas MAY oot bs the
arithmetical average of individual etations published, eince additional data from aborter pericd stations are used to obtain better areal represontation.
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The AAPG Geothermal Survey of North America

R. O. KeHLE *, R. J. ScCHOEPPEL ** anp R. K. DEFORD *

ABSTRACT

Modern data enhancement techniques allow the AAPG
geothermal survey of North America to use temperature data
from oil, gas, and water wells in determining the thermal re-
gimes of the continent. Without treatment these data would
not be usable. Individual well bore temperature measurements
may be highly inaccurate. Valid and invalid data are indistin-
guishable. Yet temperature measurements in well bores are the
only data supply large enough to permit a continent-wide geo-
thermal survey. A technique for making these data usable had
to be developed. \

A two dimensional smoothing or filtering operation will
be used in areas of high data density. The method is similar
to those employed in improving the quality of satellite transmit-
ted photographic data. Typically a weighted average of data in
the neighborhood of a datum point is used for the value at
that point. If the central datum differs too much from its neigh-
bours, it is discarded. This precludes spreading a noise burst

" and thus eliminates one source of false regional anomalies. Be-

cause this procedure may also eliminate strong local anomalies,
all discorded points will be designated on the final maps. The
weights used to average neighboring data points are determined
theoretically via communications theory. This theory also pro-
vides reliable estimates of error magnitude.

Computed error magnitudes will be used to select con-
tour intervals on all final maps. The validity of these data
enhancement techniques will be checked by comparing the fi-
nal maps against all known reliable geothermal gradient deter-
minations in North America. Some of these have been made by
scientists under controlled conditions specifically to determine

geothermal gradients. Most are simply accurate measurements °

of steady state temperature in deep oil and gas reservoirs. Pre-
liminary results indicate excellent agreement, |

In sparse data areas, standard smoothing and filtering tech-
niques are of questionable value and are not used in the sur-
vey. Instead trend surfaces are fitted to the data. The nature
of the surface used to depict geothermal gradient in any given
area depends on both the internal consistency of the data and
on its density.

A completed geothermal survey of North America is the
first step in assessing the thermal resources of the continent.
It also provides scientists with information essential to the stu-
dy of hydrocarbon maturation, sediment diagenesis and many
other important geologic processes. Thanks to modern tech-
niques of communications theory, the survey is feasible and
should be completed on schedule by the end of 1974.

Knowledge of earth temperature is vital

Geologists are especially interested in earth temper-
ature data. The diagenesis of sediments, the conversion
of organic matter to hydrocarbons, the genesis and
emplacement of magmas, the formation of mineral de-
posits, and crustal deformation are some of the many
processes that depend directly on heat flow and temper-

* Dept. of Geological Sciences, University of Texas, Au-
stin, Texas, USA,

** School of Mechanical and Aerospace Engineering, O-
klahoma State University, Stillwater, Oklahoma 74074, USA.
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ature within the earth’s crust. Any attempt to under-
stand and evaluate these geologic processes must be
predicated on an adequate knowledge of the temper-
ature regime of the earth. Engineers are also keenly
aware of the importance of a comprehensive study of
subsurface temperature. Potential sites for exploitation
of geothérmal resources is of primary interest. In ad-
dition, petroleum engineers require knowledge of sub-
surface temperature to properly design drilling and
logging programs and to facilitate accurate log inter-
pretation. Mining engineers need this information to
properly assess the economics of deep mine recovery
Yet our knowledge of the heat
balance of the earth is insufficient for these purposes.
We possess only a few careful measurements made at
widely scattered locations. Little is known about the
distribution and variation of the temperature regime
from one province to another across the continents.

Of almost 3000 heat flow measurements reported
at this date, only 300 are on the continents. Many
large areas have no measurements at all. The nearly
2700 measurements made on the deep sea floor provide
us with a much better picture of the thermal regime of
the ocean basins than what we have of the continents.

Over prominent topographic features of the ocean
floors — the mid-oceanic ridges — heat flow is much
higher then normal. This recently acquired information
has provided considerable support to the hypothesis
that the axes of the mid-oceanic ridges act as loci of
sea floor spreading. The high heat flows are purported-
ly due to the convective transport of thermal energy by
mantle materials that rise into the central parts of the
mid-oceanic ridges.

The only other areas of the sea floor that have
heat flows that are systematically different from the
average are the island-arc oceanic-trench system. High
heat flow in island arcs is attributed to the rising vol-
canic materials generated deep below the surface of
the earth. Low heat flow in adjacent oceanic trenches
is attributed to the deflection into the mantle of the
cold oceanic crust, which thereby acts as both a shield
and a sponge for heat that normally would have escaped
to thé surface.

The lack of comparable information on the con-
tinents prohibits us from making similar observations
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regarding crustal processes there. The geothermal sur-
vey of North America will partly fill this gap. In anal-
ogy to the ocean basins, the major folded mountain

chains of the earth should possess heat flow considera-

bly higher than the average flow from the ocean basins.
If confirmed, this concept would have far reaching
consequences to the petroleum and mineral industries.
High heat flows signify higher than average temperatures
for any given depth in the subsurface. Thus, processes

of diagenesis, maturation of hydrocarbons, redistribu-.

tion of silica in the form of cement, the destruction of
porosity, and the metamorphosis of minerals should
take place more readily and at shallower depths than
over the stable cratons. Definite. knowledge regarding
the thermal history of such regions might prompt in-
dustry to completely reformulate its ideas regarding
mineral explotation of such regions. These same regions
are the most likely sites for geothermal resources, many
of which may not possess surface expressions of ther-
mal abnormality. The potential for discovering economic
thermal resources is great. Thus, knowledge of the ther-
mal regimes of the ‘continent would provide substantial
economic and scientific benefits.

The survey objective - a geotherma! map of North

America

The 6ptimum survey would provide temperature.

data from about one hole per township over all of North

America, including the offshore continental shelves. -
Although temperature measurements have not been

made in every township across the continent — some
counties have no measurements at all — the density
is sufficient to provide a useful representation of the
temperature regime. The reasons for selecting a closely
spaced uniform grid of values arise from sampling the-
ory. BLackmaN and Tukey (1958, p. 31) show that the
highest frequency event whose presence can be detected
on a map has a wave length of not less than two times
the sampling interval. All events that exhibit more rapid
spatial variation than this critical (Nyquist) frequency
appear as false (aliased) additions to low frequency
cvents that are otherwise adequately sampled. This-type
of error is unavoidable in any presentation of sampled
data. The commonly held assumption that only a few
accurate values are needed to construct good regional
maps is fallacious.

Initially these data will be organized in the form
of a geothermal-gradient map with isogradient contours
at intervals of about 0.1°C per 100 feet. Figure 1 is
an example of such a map published by ScHoePPEL and
GILARRANZ (1966). The GSNA map will show the form
and distribution of regional hot spots and cold spots
in North America and will provide a basis for more
accurate estimates of heat flow in the earth’s crust.
In addition to presenting maps of and reports on geo-
thermal data, the AAPG Geothermal Survey of North
America intends to maintain a library of basic data on

magnetic tapes and punched cards. This library will
be available to scientists and engineers throughout the
world for any additional studies that they may wish
to undertake.

Geothermal gradient is the rate of subsurface in-
crease of temperature with depth below a thin layer
of soil and rock that is affected by changes in weather
and. by seasonal temperature variation. The gradient
varies from place to place, both on land and beneath
the ocean floor. Geothermal gradient depends on two
things: (1) the heat flow from the interior of the earth
and (2) the thermal conductivity of the rocks through
which heat flows. Regional variation in geothermal gra-
dient may be due to either regional variation in heat
flow or variation in the type of near-surface rocks. Be-
cause the gradient depends on rock conductivity, it is
not necessarily constant from the near surface to bottom
hole, even in the same test well. Thus the geothermal

.map prepared by this survey will reflect not only heat

flow variations from place to place across the continent
but also variation in composition on the upper few
thousand feet of rocks.

A good map from nonequilibrium data

.The approach of the AAPG Geothermal Survey
of North America to temperature data is quite different

“from and for a different purpose than that employed

by most students of the earth’s temperature regime. Rec-
ognizing the need for expanded areal coverage of geo-
thermal data for the North American continent in order

e

to compare one province with another, the AAPG Re-

search Committee considered alternative ‘methods for

reaching this goal. Usually very accurate temperature _

measurements are made in deep mines or boreholes
that have reached thermal equilibrium. Most of these
temperature measurements are made over an interval
characterized by one rock type. The thermal conductivity
of this rock is measured in the laboratory. From these
two measurements the heat flow is accurately calculated.
Normal procedure of collecting information only from
wells and mines in thermal equilibtium from which
representative rock samples could be obtained was jud-
ged too time consuming and costly. Rather it was felt
that gross relationships could be determined through the
immediate use of the vast storehouse of data contained
in the log files of the petroleum industry in a continent-
wide reconnaissance survey.

Unfortunately, the temperatures recorded on log -

headings are not in equilibrium and in some cases are
not reliable. Most measurements are made in wells im-
mediately after completion of the drilling operation.
In_such wells, bottom-hole temperatures are lower than
equilibrium temperatures for that locality and depth. A
second source of error resides in the temperature meas-
urements themselves. Oil-field equipment is not ex-
tremély accurate and is subject to breakdown. Measure-
ments are rarely carried out under sciéntific conditions
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FI1G. 1. — Oklahoma geothermal gradient m‘ap based on well logs (After SCHOEPPEL, GILARRANZ 1966).

guaranteed to yield the highest precision and accuracy.
Aside from these problems, the temperature recorded
on the log heading for some wells was not measured
at all. Rather, the field engineer assumed a geothermal
gradient for the area and used this to calculate « an
anticipated » bottom-hole temperature. Clearly this is
unacceptable.

Embarrassingly we are faced with the fact that
even if the temperature recorded on the log heading
was actually recorded and not calculated, the measure-
ment might well be inaccurate. Even if it is accurate,
it will likely be different from the desired equilibrium
temperature. We are faced with a double task. The
first is to systematically adjust all temperature data so
as to correct for the fact that the measured tempera-
ture represents a nonequilibrium thermal state. Then all
bad data, that is, all inaccurate measurements and the
calculated values, must be recognized and eliminated.
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Only then can we reliably use the data. Let us consider
the two correction procedures separately.

CORRECTING NONEQUILIBRIUM TEMPERATURE MEASURE-
MENTS

Borehole measurements of temperature made short-
ly after drilling ceases can be corrected to true equilib-
rium temperature if (1) a relationship between tran-
sient borehole temperature and equilibrium temperature
is known, and (2) the value of the several factors affect-
ing the relationship are known to acceptable accuracy.
At present, we believe our knowledge on .both points
is adequate to proceed with the survey.

The relationship between the transient state and
equilibrium temperature is arrived at by describing
mathematically the heat exchange processes associated
with drilling. Although no one has completely described



this process, several investigators have constructed close
approximations to it. Analyses by SCHOEPPEL, GILAR-
RANZ (1966) and RAYMonD (1969) both may provide
sufficient accuracy for our purposes, although both analy-
ses neglect fluid convection in the borehole after cir-
culation stops (Appendix A). This process could play
an important role in determining the manner in which
subsurface temperatures return to equilibrium. If fur-
ther study shows this factor to be important, the existing
analyses can be readily modified to include the effect.

Whether or not a correction to existing models is
required, it is evident that the models themselves are
in good shape compared with our ability to apply them.
The models assume that everything about the system
. is known except either the temperature of the drilling
fluids or the geothermal gradient. The supposedly known
factors include the temperature of the mud in the mud
pit, the pipe size, the circulation rate, the size of the
annulus, the heat capacity and thermal conductivity of
the drilling fluid, the drill pipe and the country rock,
and the time interval between circulation and logging.
Because these factors are not generally recorded on log
headings, direct application of the results of the mathe-
matical models is not possible unless reasonable ap-
proximations of these variables yield acceptable results.

A sensitivity study of the heat exchange processes.

shows that surface temperaturé~and time since circula-
tion are the only important factors in determining the
difference between measured bottom-hole temperature
and true equilibrium temperature (Appendix A). Rough
estimates of the remaining. factors yield adequate cor-
rections, provided that surface temperature and time
since circulation are known. Because this information is
needed but not available, additional assumptions are
required. Surface temperature might be accurately esti-
mated from weather bureau data if logging dates and
well locations were known. Time since circulation is
more difficult to ascertain. Our first effort will be to
test the assumption that for most wells this time interval
is proportional to logging depth. For those wells where
long delays were experienced before logging, corrections
based on average times since circulation will yield tem-
peratures higher than normal for that location. Such
data should be removed by the filtering process. as
are other types of bad data. :

REMOVING BAD DATA

The argument most vigorously and persistently

presented against the use of logging temperatures in

the geothermal survey of North America is that in-
dividual temperature measurements recorded on log
headings may be-badly in error or may be calculated
rather than measured (NicHoLs 1947; Moses 1961:
VaN ORSTRAND 1934 a, b). Results based on such un-
reliable data would be at best of little value, at worst
they would be misleading. Consequently, it is argued

that the use of log temperatures should not be condoned
in a regional geothermal survey sponsored by responsible
scientists and scientific organizations.

This argument has considerable appeal, but it is
not really valid. True, when faced with the need of
using data of unknown quality one cannot proceed
blithely as if the data were impeccable. Consider the"
seeming validity of the same argument regarding the
use of reflection seismograph data to determine sub-
surface structure. Taken one trace at a time this in-
formation is totally unintelligible. In fact a single seismic
event is more likely to represent noise than infomation.
The odds seem to be less favorable than those we face
with geothermal data. Yet when seismic data are cor-
rected to account for topography, surface weathering,
geophone moveout, and variations in subsurface seismic
velocity and then are combined with hundreds of ad-
ditional traces in cross-section form, they provide ex-
plorers with a remarkably reliable picture of the sub-
surface. ‘

A direct analogy may be drawn between the treat-
ment and presentation of seismic data and the presen-
tation of geothermal information. Correcting tempera-
tures recorded while logging is considered equivalent
to static and moveout corrections of seismic data. Pre-
paring a map of a large number of closely spaced geo-
thermal data is equivalent to constructing seismic cross
sections. Interpretation.of the two types of data is also
similar. One skilled earth scientist correlates seismic
sections to obtain a picture of subsurface structure. Ano-
ther contours geothermal data to obtain a picture of
geothermal gradient and heat flow. Figure 1 is an exam-
ple of such an interpretation of geothermal data.

The field of seismic exploration has advanced con-
siderably beyond the mere presentation of corrected but
still noisy data. Digital recording of field data has per-
mitted sophisticated computer processing designed to
eliminate or at least reduce the more objectionable forms
of noise and thereby to enhance the signal quality. This
markedly increases the usefulness of the data. The same
basic theories used to devise schemes for improving
seismic data apply to many other fields as well. Of
special interest to us are the applications to mapped
data. The work of BHATTACHARYYA (1965); DARrBY, Da-
vis (1967); DeAN (1958); FULLER (1967); HENDERSON
(1960) and Spector (1968) on improving the quality
of map presentations of magnetic field surveys, and that
of CLARKE (1969); GRANT, WEST (1965); MEskO (1960,
1965); Nampu (1966, 1967, 1968); ODEGARD, BERG
(1965); RoseNBACH (1953); Sax (1966) and SwaRrTz
(1954) in the interpretation and presentation of gravity
data are of special interest. Many of these methods
may be applied to geothermal data without modification.
When used to process data presented in map form, these
data-enhancement schemes are called spatial filters.

The simplest type of filters smooth data by com-
puting running averages. Techniques of this type are
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employed by most computerized methods for establishing
trend surfaces. As an example of such a procedure ap-
plied to geothermal data, Figure 2 shows a second-order
trend surface that has been computed from geothermal
gradients in Oklahoma. More highly sophisticated
smoothing filters are also in common use. They can
be designed to accomplish, varied objectives such as the
removal of high frequency « noise », the removal of
regional trends, or the emphasis of information with in-
termediate wavelength characteristics. ZURFLUEH (1967)
has designed a remarkably efficient set of such filters
which we may use in treating geothermal data.

Simple smoothing techniques work well if the max-
imum expected error for any one data point is rela-
tively small. In the vocabulary of communications the-
ory, this means that the signal-to-noise ratio is relative-
ly large. If some individual errors are large, i.e., if noise
bursts occur, simple smoothing techniques are inap-
plicable. Because many data points are averaged, a noise
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burst does not remain confined to a single data point
but contributes to the averaged values of many surround-
ing locations. The result is a false regional anomaly.
Because potentially large errors exist in the tempera-
tures recorded on log headings, the use of a single
smoothing technique is not only insufficient but un-
desirable unless all large errors are removed beforehand.

Data points possessing large errors can be removed
by a process of filtering that compares each data point
with a preset number of nearby data points. Two very
different types of processes can be employed to this
end; one is based on linear programming theory (Dou-
GHERTY, SMITH 1966), and the other on optimum filter
theory (CLARK 1969; RoBINSON 1967; Sax 1966). Both
methods may be used to predict expected values of a
mapped variable over a selected region. Each mapped
datum is considered valid if it does not deviate from
its neighbors by more than a certain amount. This cut-
off value is not arbitrary, but depends on established

. ———G e ———— ——



local data variations. Either theory will reject grossly
deviant data. Differences in rejection criteria are evident
where subtler variations are encountered. Procedures of
this type eliminate not only data possessing large errors
but also valid data from strong local anomalies. This
does not detract from their use. Valid data eliminated
by a properly designed filter are data associated with
an anomaly so local that it could not be properly rep-
resented on a regional map anyway. A more detailed
account of this material is presented in Appendix B.

Because small local anomalies may be of exceptional
interest in certain studies, we plan also to prepare a
map of all data removed by the filtering operation.

Once the strongly anomalous data have been re-
moved, the remaining data set is amenable to standard
smoothing procedures. We plan to experiment with a
variety of these in areas of better data to ascertain which
provide the most useful and reliable presentations.

More sophisticated filtering techniques can be en-
visioned. Usually, these require some knowledge of the
end product. For our problem we would need prior
knowledge of the distribution of the true geothermal
gradient around the continent. At present it is not pos-
sible to say whether the application of these more
sophisticated techniques is possible or even desirable.
As data collection progresses, we shall have more cor-
rected data to experiment with, and we shall investigate
the question of suitable filtering techniques more thor-
oughly.

A FINAL CHECK

We are making a special effort to collect as many
cquilibrium-temperature data-from the North American
continent as possible. In addition to those measure-
ments made by heat flow scientists, data collected dur-
ing pressure-buildup tests in wells at thermal equilib-
rium and from other special temperature surveys will
be added to the data pool. These data will represent
only a small fraction of the total temperature informa-
tion handled during the geothermal survey. Consequent-
ly. they need not be used in presenting the normal data.
Rather these equilibrium data can be used as an ex-
ternal check on the reliability of the correction pro-
cedure and filtering processes applied to the principal

data source; that is, to temperatures recorded on log’

headings. The theories that are used to correct these
temperatures aiso provide us with a method for pre-
dicting the expected maximum errors. A comparison of
the regional map derived from log temperatures with
true equilibrium temperatures at scattered localities over
the continent will serve as a final check on the reliabi-
lity of the map.

Before endorsing publication of the geothermal
map, the Project Steering Committee will insist that the
map agree with the true data points to within the
accuracy prediced by theory. No map will be published

unless it can be used with- complete confidence by all
interested scientists and engineers.

Appendix A

MATHEMATICAL APPROACH

Physical model

Down-hole measurements of drilling mud tempera-
ture while circulating have shown that, at a certain
depth, there is no. thermal transfer between the mud
and the formation. Below this depth, the annulus mud-
acts.as a heat sink, a portion of the heat received from
the formation being transmitted to the drill pipe and
inflowing mud. The degree to which the static forma-
tion temperature has been disturbed at any particular
drilled level depends on the duration and the rate of
heat transfer from the formation. Temperature distur-
bance is minimized if fluid circulation is stopped imme-
diately upon drilling the interval, as is often the case
for the bottom of a drilled hole. ’

The usual practice prior to logging a freshly drilled
interval is to clean the hole by circulating mud for at
least one complete displacement, pull the pipe and then
run the logging sonde into the hole. This sequence ex-
poses the formations surrounding the bottom of the hole
to two periods of unsteady-state heat transfer: circulat-
ing mud period and quiescent mud period.

Circulating mud period

Heat transfer during this period can be predicted
by the diffusivity equation:

*T 1 T _ oCr 9T

7w T T % k%

(1

which governs unsteady-state heat conduction in an in-
finite radial system. Basic assumptions in the derivation
of the diffusivity equation include (1) homogeneous and
isotropic medium, (2) a constant temperaturc at all
radii before the disturbance, and (3) heat flow by con-
duction only.

By defining a dimensionless time variable as

k@ :
pclru-z (2)
and dimensionless radius as
r .
'n = o 3)
the diffusivity equation takes the form:
7 1 aT aT
arp? + ro 9p 9t )

Eq. (4) can be solved for the total heat influx during the
circulating period if the circulating mud temperature
remains constant giving:

Q(8) = 2nCpr.h ATQ(t) (9)
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where Q(08) is the total heat influx into the wellbore
due to a temperature difference AT, and Q(¢) is a time
dependent dimensionless heat flow rate defined by:

t
aT
Q) = f(%) oy O (6)

o

Quiescent mud period

The thermal build-up of the well fluid after cir-
culation is stopped can be determined by using a super-
position approach similar to that used in pressure build-
up for fluid flow. In this method, the temperature his-
tory is represented by a series of temperature plateaus
(Figure 3). Each plateau corresponds to a constant ter-
minal temperature case predicted by Eq. (5). By super-
position of the temperature increments, the total heat
influx during the quiescent mud period can be ex-
pressed as

Q(8) = 2nCppr h[(AT)Q(t) + (AT)HQU—1t,) +
+ (AT)Q(t—t,) + ----- ] (7

Eq.(7) also gives the total heat flow during the combined
circulating and static mud period if (AT), is defined as
the temperature difference and Q(¢) as the cumulative
heat flow during the circulating period.

Temperature build-up

In applying Eq. (7) a means must be provided to
solve Eq. (6). This is accomplished by application of the
Laplace transformation to the diffusivity equation for
an infinite medium yielding:

(1-e**)du

a
2
an = — / WA uy + YAw)]
[o]

(8)

where J, and Y, are Bessel functions of the first and
second kind, respectively, and u is a function of a
complex variable.

. Calculation of the temperature build-up of drilling
fluid by this method assumes that the mud will warm
at the same rate as the wall of the hole. The difference
between the heat flow into the bottom of the hole and
that into the overlying imud is: considered negligible in
this approach.

Example

The mathematical analysis predicts an exponential
increase in mud temperature after circulation ceases as
illustrated by Figure 4. The shape of the curve is a
function of hole size, initial temperature difference, cir-
culation time and specific heat of the drilling fluid. A
significant temperature increase may be seen to occur
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from the time circulation ceases to the commencement
of logging operations. The analysis may be extended to
allow a more accurate estimation of undisturbed forma-
tion temperature if desired. For example, the analysis
by Raymonp (1968) may be used to account for the
influence of mud circulation on the temperature build-
up after circulation ceases. The important factors to be
considered in this case are the inlet surface mud tem-
perature and the time since circulation.

Nomenclature

C; = specific heat of formation
h = formation thickness
J» = Bessel function of second kind and order 0
k; = thermal conductivity
Qf60) = cumulative heat flow
Q(t) = dimensionless heat flow
r» = dimensionless radius

r = radius

r. = well radius

t = dimensionless time

T = temperature

u = function of complex variable
Y. = Bessel function of second kind and order 0
@ = time, time since circulation

p = formation density

Appendix B
DATA ENHANCEMENT

The advent of high speed digital computers has
stimulated considerable work in the development of
« non-realizable » filters, filters that cannot be con-
structed from mechanical or electronic devices because
they operate on « future » information. Digital filters
can be designed so perfectly that the principal con-
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sideration is not simply achieving a technological goal
but rather achieving it at low cost. A large literature
on this subject is found in the professional journals of
the exploration geophysical industry. The purpose of
this appendix is to briefly review the existing technology

as it applies to the problem of enhancing the quality of .

mapped data, specifically regional maps of geothermal
gradients and other earth temperature data.

Digital filters

A filter is any collection of linear functions f(¢)
that operate on an input signal and thereby change it
into an output signal. Telephones, radios, and phono-
graphs are filters under this definition. Similarly, the
earth is a filter that operates on seismic waves, heat
flow, the earth’s magnetic and gravity field with the
result that the original « signal » is altered by passing
through the « filter », i.e. the earth. A filter operates
on a signal through the mathematical operation known
as convolution. If the input signal is designated I(1.

the output signal O(¢), and the filter f(¢), then the con-
volution operation is given by
0 = ] foit—a)de. B-1

The digital (discrete) equivalent to the convolution in-
tegral B-1 is written

&
On = 2 filn_s B-2

i=o

where (I, I, 1, ....... , 1) are the k+ 1 samples of the

input function, (f,, f., fa, ...... , f2) are the n+1 samples
of the filter function, and (O,, O,, O,, ....... , Ok4n) are
the k+n+1 samples of the output function.

The Fourier or Laplace transform of the convolu-
tion integral is simply the product of the convolution
variables, and thus eq. B-1 becomes

Ots) = Fs)T(s) B-3

where 8(s), I/\(s), and /I\(s) are the transforms of the
output, filter, and input functions respectively. Equa-
tion B-3 applies to the discrete or digital form eq. B-2
as well. In this case the transform are given by

V(s) = Ou + Oi5 + 048 + ... + Oprns™*"
PaN
RS) = fot IS+ fa2 4 o + oS B4
PN ..
I(s) =44 Iis 4+ &+ ... + Lis'

where each power of the transform variable s repre-
sents a delay of one time unit (sample interval). As
is typical of most analysis, operations are simplified
if carried out with transform functions and variables
rather than the original functions and variables. For
this reason most filter design is accomplished using
transformed variables. Once a filter has been designed
it is a simple matter to invert it into its untransformed
state. In communications theory, the transformed state
is typically called the frequency domain, whereas the
untransformed state is called the time domain. In
mapped data, the real state is the space domain and
the transformed state the wavenumber domain.

Optimum filters

Many filters are designed to enhance signals that
have been corrupted by gaussian noise, that is random
white noise. Usually the object is to design a filter that
gives an output that differs as little as possible from
the true (noise free) signal. If the definition for « as
little as possible » is taken to mean minimizing the
root-mean-square-error between the output and the
true or desired output, the optimum filter is called a
Wiener filter (WIENER 1949). There is no universally
applicable Wiener filter, each must be designed for
the problem at hand. Specifically, the discrete or dig-
ital Wiener filter is obtained by solving the discrete
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form of the Wiener-Hopf equation for the problem at
hand. This is written

n—>::_ I" Y I’l'—t (I) {D B-5

(WIENER 1949) where f, are the sample sequence of
the optimum filter, ® // is the collection of values
representing the discrete autocorrelation function of the
input with lag values i = n— 1, which is defined as

k

1 ’
ol = <I>,”=k_“;',,;k— Y L. B-6

te=—k

.and ® /P is the collection of values representing the
discrete form of the cross-correlation function of the
input with lag values i = n — 1, which is defined as
cording to the formula

q)iD = k_li’;.w - ? I( DH-r B-7
t=—k
The transform of the discrete Wiener-Hopf equation
B-5 is given by

/\ ras N\
1(s) @ids) = @un(s) B-8

A -
where @y is the transform of the autocorrelation func-

tion and ,‘f)m is the transform of the cross-correlation
" function. It is easy to solve the transformed equation
B-8 for the transform of the optimum filter f(s). Thus,
we have

( ; ‘ "1—3"

that is, the transform of opnmum ﬁlter is gwen by
the ratio of the transforms of the cross-correlation
function. of the input-desired-output and the autocorre-
lation function of the input.

A substantial problem exists in the practical ap-
plication of eq. B-9. Computation of the cross-correla-
tion function depends on knowledge of the desired out-
put, that is, a specification of the signal without additive
noise. In communications applications, it is commonly
possible to specify the desired output as a random
ensemble of wavelets of a specified type. This very gen-

eral specification, which does not actually represent -

any given coherent signal, is all that is needed to
permit computation of the desired cross-correlation

7\
function @ ‘P or its transform ®(s). In other appli-

cations, such as in mapping geothermal data, no such
representation of the desired signal may be called upon.
Thus it is necessary to estimate the desired output from
the input signal even though it possesses many un-
desirable characteristics. Two possible methods for mak-
ing this estimate are considered below.
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Estimating the desired output

In the absence of a priori information regards the
true or desired output, an estimate of the output may
be made by one of two principal methods: (1) by
fitting a surface to the data with a collection of ortho-
gonal functions by minimizing the mean square error
between the data and the surface; and (2) by filtering
the data with a zero-phase low-pass filter. Especially
bad data can often be eliminated by comparing the
approximate desired output with the untreated in-
put and discarding those data that exceed a prescribed
maximum deviation.

Surface fitting with orthogonal polynomials in-
volves minimizing the mean square error between all
the data and the resulting surface. The procedure is
identical regardless of whether a simple polynomial
(trend) surface or a more complicated function-set sur-
face is to be constructed. Several undesirable factors
are characteristic of this method. Each data point in-
fluences the nature of the surface over its entire extent.
If large deviations from the norm occur, they exert
undue influence on the final surface. DOUGHERTY a
SMITH (1966) recognized this and have replaced t 2
least squares criterion with one based on minimizing
the sum of the absolute values of the errors. This re-
sults in a linear programming problem which is read-
ily solved for modest data sets. The fitted surface that
results from this method appears to single out bad
data much more readily than normal trend surface
analysis. Residual maps constructed with this method
are especially useful for this task. Regardless of wheth-
er the least squares or absolute values of the differ-
ences are used to construct the fitted surface, the surface
residuals may be used to detect and eliminate bad data.
Once eliminated, a new surface may be fitted. Provided
sufficient high frequency information remains in the
resulting map, this fitted surface can be used as an
estimate of the desired output.

Additional difficulties with surface fitting are rec-
ognized by ZURFLUEH (1967). These include:

(1) trend surfaces are decidedly unreliable near
the edges of a fitted map; and

(2) to adequately represent complicated surfaces
that are invariably encountered in regional maps, very
high order surfaces are required. Even with the largest
of todays computers, it is generally not possible to
generate surfaces of high enough order for even the
simpler regional maps encountered in the earth sciences.
Thus the map must be segmented. Because of the
aforementioned lack of reliability near map edges, con-
siderable overlap must be used. This substantially in-
creases the computing effort and results in a patch
work map.

These problems do not effect the regional zero-
phase low-pass filters - designed by ZuRrRFLUEH (1967).
With these filters, noise bursts do spread to surround-
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ing grid points, but the sphere of influence is only
one-half the breadth of the filter. Filter residuals may
be constructed in much the same manner as are re-
siduals of trend surfaces. Similarly, they can be used
to identify and eliminate grossly deviant data. An
¢stimate of the desired signal can then be constructed
by filtering the restructured data set.

The methods of both ZurrLuEH (1967), and
DOUGHERTY, SMITH (1966) are partly empirical. For
this reason they cannot be compared purely on theoret-
ical grounds. Both methods will be applied to a variety
of synthetic and real geothermal data and their relative
success compared. The best method will be then used
on the data collected by the AAPG Geothermal Survey
of North America. The final optimum filter will be
designed in much the same way as CLARKE (1969) de-
veloped optimum-second-derivative and downward-
continuation filters for gravity data. Interestingly, this
type of filter will vary from one geographic region to
another as both the sample density and the data qua-
lity vary. This is typical of Wiener filters (see for ex-
ample SHANKS 1967), which always contain a term in
the final expression that depends on signal-to-noise
ratio.
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ABSTRACT

A marine province existed in the northwestern
Great Basin in which sedimentary and volcanic rocks
accumulated from Early Trassic to late Early Jurassic
time. Strata of the province comprise three paleo-
geographic¢ terranes: shelf, basinal, and volcaniec
arc. They overlie late Paleozoic rocks which are
thought to have chiefly constituted a magmatic arc
that collided in Early Triassic time with the margin
of the North American continent. The early Mesozoic
marine province originated as a successor basin to
the accreted late Paleozoic arc. Deposition in the
marine province was extinguished by major mid-
Jurassic deformation during which quartz arenite,
evaporite, and volcanogenic rocks were deposited in
an orogenic terrane.

The early Mesozoic volcanic arc terrane includes
siliceous igneous rocks of Middle (?) and Late Trias-
sic age which were probably comagmatic with the
earliest Sierran plutonism and with a postulated
belt of subaerial voleanism that extended far south-
east of the marine province. Transition of the
voleanic arc terrane from mainly igneous to sedimen-
tary deposition within the Triassic suggests the
Triassic magmatic event was fairly shortlived. The
early Mesozolc shelf terrane occupies a narrow belt
that is generally coincident with the relict Paleo-
zoic continental margin. The basinal terrane
represents a more subsident, probably generally deep-
water region that lay offshore of the shelf terrane
in northwestern Nevada. The enormous volume of mud
that accumulated in the basinal terrane may have
been fluvially transported to the marine province
from the subaerial southeasterly prolongation of the
Triassic volcanic arc.

The lateral and vertical distribution of strata
of the early Mesozoic marine province of the western
Great Basin records the transition of the western
edge of the continent from its Paleozoic locus within
the Great Basin to a Jurassic position as a continen-
tal arc in the Sierra Nevada. Plate models suggest
that the orientation of convergent motion may have
rotated from northwesterly at the beginning of the
Mesozoic through westerly to south-southwesterly by
mid-Jurassic time.
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INTRODUCTION

Marine deposition occurred widely during the
early Mesozoic in both the western and eastern Great
Basin according to the record of preserved strata.

" The western marine province, the subject of this

paper, includes an extensive region that underwent
pronounced subsidence in the Triassic relative to
areas east of 117% and south of 38°N. The east-
ern and southern hinge lines of the subsident region
are approximately coincident with the Paleozolc
margin of the North American continent (Speed,
1977a). Rocks that accumulated in the western
marine province comprise three regional terranes
which are named shelf, basinal, and volcanic arc,
according to their principal paliogeographic
settings. The evolution of these terranes and the
western marine province as a whole provide a record
of the reorganization of the continental margin from
its Paleozoic locus within the northern Great Basin
to a Middle Jurassic position entirely west of Great
Basin. The early Mesozoic shift of the margin to
the west of the Great Basin is equivalent to the
continental accretion of Rogers and others (1974),
although the processes involved are different from
what they envisioned.

The present paper summarizes the character,
history, and origin of the three terranes that accu-
mulated within the western marine province. It also
considers two other lithic groups that are closely
associated with the province: 1) the Koipato rhyo-
lites which were apparently extruded in a restricted
area at about the onset of subsidence and, 2) rocks
here grouped as an orogenic terrane whose deposition
was generally synchronous with the mid-Jurassic
deformation that eliminated the marine province.
Table 1 is a menu of the various Mesozoic and pre-
Mesozoic terranes discussed herein. Descriptive
sections are followed by models of the paleogeogra-
phic and plate-boundary tectonic evolutions of the
western Great Basin and adjacent parts of the Sierra
Nevada. This study has benefited greatly from the
15 years of work by many geologists in the western
Great Basin since the first regional synthesis was
presented by Silberling and Roberts (1962). It will
show, however, that much still remains to be learned
before models graduate from the infantile stage.
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WESTERN MARINE PROVINCE

Lateral stratigraphic variations of marine Meso-
zoic strata of the Great Basin indicate two main
depositional provinces existed in Triassic time.

The western province (Fig. 1) was the site of
variable but pronounced subsidence adjacent to and

of fshore from the general locus of the late Paleo-
zoic continental margin of North America. Exposed
strata of the western province range in age from
late Early Triassic to late Early Jurassic. The
eastern province occupied an intracontinental region
in eastern and southern lHevada and western Utah; its
marine contents are chiefly Early Triassic, and
succeeding Upper Triassic and Jurassic deposits are
variably of subaerial and marine (?) origin (Stewart,
1969; Stanley and others, 1971; Bissell, 1972;
Stewart and others, 1972; Stewart, written comm.
1978). :

The region of the central Great Basin between
the two depositional provinces is devoid of early
Mesozoic strata and was certainly less subsident if
not an upland during much of the Triassic. Eastward
onlap of the central zone from the western province
is indicated by remnants of Middle and Upper Triassic
beds in contact with Paleozoic rockas within 50 lkm
east of the hinge zone (Fig. 1) (Nichols, 1971;
Stewart and McKee, 1978). Moreover, rocks of both
basinal and shelf terranes of the western province
indicate that a region to the east of the hinge was
at least partly subaerial during Late Triassic time.
The basinal terrane includes deep water conglomerate
containing probable Paleozoic pebbles from a nearby
easterly source (Speed, this vol.) and the shelf
terrane contains at least one major tongue of depos-
it3 (Grass Valley Formation) of a fluvial system
(Silberling and Wallace 1969). Both contain woody
fragments. ‘

Tn the dépositional province of the eastern
Great Basin, there 13 a westward onlap of Lower
Triassic beds (Collinson, 1976), and such strata
contain conglomerates of probable westerly provenance
(Koch, 1971; Stewart, written commun., 1978). The
existence of 300 m or more of Chinle-like beds in
the eastern province (Clark, 1957; Stewart and
others, 1972) implies a subaerial environment in
Late Triassic time. Thus, sediment transfer from
the eastern to the western province conceivably
occurred at that time.
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It is difficult to prove whether the central
Great Basin was a positive region in the Jurassiec.
The similarity of the distribution of preserved
Jurassic sedimentary rocks in the Great Basin with
that of Triassic implies that the two Triassic depo-
sitional provinces continued as relatively subsident
regions into the Jurassic. The intervening region

'may or may not have been submerged. Stanley and
others (1971) inferred on meager evidence that a sea
croased the Early Jurasalc Great Basin. The open
marine character of beds and absence of evident
strandline deposits of Early Jurassic age in the
western province may be the best testimony for marine
continuity.

The eastern boundary of the western marine pro-
vince (Fig. 1) is drawn east of the outcrop belt of
the shelf terrane which includes strata over 2 km
thick deposited at a subsiding margin and west of
the region that contains only scattered outcrops of
thin Triassic rocks judged to have been stable plat-
form accumulations. Thus, the boundary approximates
the hinge zone between regions of significatly
different rates of subsidence. Owing to the absence
of an exposed complete platform to basin transition,
it is imposasible to locate an inflection of the
shelf-platform margin any closer than about 50 km.
Further, because the basinal and volcanic terranes
are thrust over the shelf terrane, the width of the
subsiding shelf is uncertain.

The hinge zone appears to be approximately
coincident with regional geologic features (Fig. 1)
that are believed to mark the long-standing Paleo-
zoic continental margin (Speed, 1977a). One is a
proposed suture of Early Triassic age between a late
Paleozoic magmatic arc and the continent. Another
is the 0.706 initial strontium isotope contour
(Kistler and Peterman, 1973). Both features are
located with imprecision at least as great as that
of the hinge zone of the early Mesozolc western
marine province.

A southern boundary of the western marine pro-
vince can be defined on some of the same criteria as
the eastern boundary: circumscription of early
Mesozoic marine outcrops and essential coincidence
with the continental margin, Early Triassic suture,
and 0.706 Sr contour (Speed, 1977a). Southernmost
autochthonous Lower Mesozoic rocks in this region
(Gold Range Formation of Speed, 1977b) are partly


http://becau.se

subaerial accumulations of ignimbrite and volcanic
sedimentary rocks; their nature provides no evidence
that deposition was confined to the regions of
preserved rocka. In fact, it is posaible that
izolated tracts of volcanogenic rocka of probable
Triasaic age in Inyo County (Fig. 1 White Mountalns,
Inyo Mountaina, Panamint Range) are remnanta of an
‘'originally extensive subaerial belt that was contigu-
ous with the volcanic terrane of the marine province.

An original western boundary of the western
marine province cannot be defined. Layered rocks of
demonstrable Middle and Late Trlassic age apparently
do not occur in the Sierra Nevada (east of the
Melones fault) in the region south of Taylorsville
(Fig. 1) (Clark and others, 1962; Kistler, this vol.
and oral commun., 1978). On the other hand, Triassic
successions of the marine province in westernmost
Nevada do not contain strong westerly facies gradi-
ents. Thua, the apparent absence of such rocks in
the high Sierra implies erosional and(or) tectonic
removal. In the same region of the Sterra, however,
Lower and Middle Jurassic deposits are apparently
thick and widespread, and evidence presented later
indicates they may have been partly contiguous with
Jurassic rocks of the western Great Basin (see also
Noble, 1962; Stanley and others, 1971). Thus, it
may be inferred that this region of the Sierra was
active tectonically during the early Mesozoic.

The northern Sierra Nevada near Taylorsville
and the Shasta region, however, contain marine
Triaasic rocks that were conceivably contiguous with
those of the western Great Basin (Sanborn, 1960;
Albers and Robertson, 1961; McMath, 1966; D'Allura
and others, 1977). The thick Jurassic strata of
this region are probably correlatives in part with
suceessions of the Ritter pendant, Sailor Canyon
Formation, and westernmost Great Basin, as discussed
later.

It should be noted that the present shape of
the western marine province (Fig. 1) is not neces-
sarily the original one. Deformation is particularly
severe in the southern half of the province (Oldow,
1977; Wetterauer, 1977; Speed, this vol.). Moreover,
it has been proposed (Albers, 1967) that extensive
territory including the southern half of the province
has been thrown into sigmoidal .Mesozoic bends of
crustal dimensions about vertical axes called oro-
flexes. Although the oroflex concept is kinema-
tically dubious, there is clearly evidence for
deformation on a gross scale in that region.

Early Mesozoic rocks of the western marine
province are widely underlain by mafic and interme-
diate volcanic rocks that are known or suspected to
be Permian (Speed, 1977a). Several lines of evi-
dence suggest that such volcanic rocks are the
basement to all but the easternmost beds of the
marine province which lie above an early Triassic
allochthon of late Paleozoic ocean floor strata,
alao known a3 the Havallah sequence. It has been
proposed that the Permian volcanic rocks are the
upper layers of a late Paleozoic island arc that
migrated east or southeast toward the North American
continent and propelled before it an accretionary
arc of late Paleozoic ocean floor sediments. The
volecanic arc collided with the continental slope at
about the beginning of the Mesozoic or at least,
before late Early Triassie. The acoretionary arc
was underthrust by the continental slope and perhaps,
partly extruded east across the shell-slope break.
Following its collision, the late Paleozoic arec
terrane was welded to the continent, and relative
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“ motion of the continent was taken up on a new boun-

dary somewhere west of the Great Basin (Speed,
1977a).

.

Koipato rhyolite

Tha Koipato Group (Wallaca and othora, 1969;
Silberling; 1973) was named for a succession of
volcanie rocks whose outcrops are .coextensive with
succeedlng strata of the lobate northern tract of
the early Mesozoic shelf terrane (Fig. 1). Rhyolitic
magmatism of the Koipato Group seems to have retarded
basin subsidence in the Koipato outcrop area. It is
uncertain, however, whether the Kolpato widely under-
lies strata of the western marine province or is
restricted to the area of existing outcrop. I ten-
tatively interpret that it is restricted by arguments
given below.

A The Koipato Group comprises the Limerick Green-
stone and succeeding rhyolitic units according to
Wallace and others (1969). A different interpreta-
tion indicates that the Limerick Greenstone in its
type area of the Humboldt Range belongs to the late
Paleozoic arc terrane and that the rhyolitic forma-
tions are younger and separated by unconformity from
the greenstone (Speed, 1977a). The rhyolitic units
constitute about 2 km of remarkably siliceous and
alkali-rich ash flow tuff and volcanogenic sedimen-
tary rocks. Associated intrusive and protrusive
masses indicate that rhyolite sources existed in the
Humboldt and Tobin Ranges (Wallace and others, 1969;
Burke, 1973). A faunal age near the top the rhyolite
succession in mid-Spathian, only slightly older than
the succeeding and nearly conformable beds of the
Star Peak Group, according to Silberling (1973).
Rb-Sr data from samples throughout the rhyolite units
suggest that the approximate age of extrusion is
235-2U0 my and that partial chemical homogenization
occurred later in the Mesozoic (R. W. Kistler and R.
C. Speed, in prep.). The initial strontium isotopic
composition suggests the rhyolitic magmas were not
generated in continental lithoshpere.

The Koipato ash-flow tuffs lap east over de-
formed beds of the late Paleozoic Havallah sequence,
indicating that eruptions probably did not occur
before collision of the late Paleozoic arc and the
North American continent. The environment of depo-
sition of at least the upper rhyolite succession was
variably Subaerial and shallow marine. Block
faulting occurred during and (or) shortly after accu-
mulation of Koipato rhyolite in the Tobin and New
Pass Ranges (Burke, 1973; MacMillan, 1972). Although
such faults may have been volcanotectonic, their

‘probable existence in the pre-Koipato basement heyond

the area of thick rhyolite accumulation suggesta the
faults were more likely products of crustal exten-
sion.

Siliceous volcanic rocks of approximately simi-
lar age to the Koipato rhyolites in Nevada and
California are known only in the Ritter pendant of
the Sierra Nevada (Koip sequence of Kistler, 1966;
this vol.), but those rhyolites are chemically
dissimilar to the Koipato rocks. The Bully Hill
rhyolite of the Klamath province (Albers and Robert-
son, 1961) could be contemporaneous with the Koipato
but could also be as young as Late Triassic. The
base of strata deposited in early Mesozoic basin is
exposed at four places (Fig. 1) beside the area of
Koipato outcrop: central Humboldt County (Willden,
1964), New Pass Range (MacMillan, 1972; Willden and
Speed, 1974), Union district (Silberling, 1959), and
Excelsior Mountains (Speed, 1977c). In none of these



arean doen rhyolite lie between the early Meaozoic
acdimantary rocka and the subjiacont btererane conal-
dercd to the the basement of the basin. In the Unlon
diatrict however, volecanic rocks here called basement
are poorly dated, and LU cannot be demonstrated that
such rocks are not underlain by a hldden 3uccesslon
of Middle and Lower Triaannia strata. Simllarly,
undalted rhyolites occur In the Gold Ronge Formation
(Table 1) of the Excelsior Mountains above basal
clastic stratna and could concelvably be Kolipato
equivalents. .

To conclude, there seem to be no evident equiva-
lents of the Koipato rhyolites in the southern
cordillera except for the Koip sequence. The rhyoli-
tic magmas emerged chiefly through the late Paleozoic
volcanic arc lithospere. Such rocks must represent
local magmatism, and in a later section, this
inference i3 used to explain the form and existence
of the wide northern shelf of the early Mesozoic
basin.

Shelf Terrane

Strata included in the shelf terrane are mainly
carbonate and less abundant silicaclastic rocks that
were deposited on generally (but not uniformly)
shallow subsiding shelves at the east flank of the
. western marine province. Carbonate platform or bank
accumulations also occur at places in the other two
early Mesozoic terranes, but they are dominant only
in the shelf terrane. This terrane consists of two
main regions, a northern one which is lobate to the
west and in probable thrust contact with the basinal
terrane (Speed, this vol.) and a southern one which
occupies a narrow belt and which is in thrust contact
with the volcanic arc terrane.

The northern region includes the Star Peak
Group, a carbonate platform complex about 1 km thick
of late Early Triassic (mid-3pathian) to middle Late
Triassic (Karnian) age (Silberling and Wallace, 1969;
Nichols, 1972; MacMillan, 1972; Burke, 1973; Nichols
and Silberling, 1977). The Star Peak is overlain by
Upper Triassic silicaclastic and carbonate rocks
about 1 km thick of the Grass Valley, Dun Glen, and
Winnemucca Formations* (Silberling and Wallace, 1969;
Burke and Silberling, 1973).

Nichols and Silberling (1977) have shown that
the Star Peak Group i3 a carbonate platform complex
that prograded generally west from Middle to early
Late Triassic (late Anisian to late Karnian) time.
Mafie voleanie rocks occur widely at Ladinian hori-
zona of the Star Peak. The succeeding silicaclastic
accumulationa of the Graas Valley Formation grade
west (Silberling and Wallace, 1969) across the shelfl
terrane from quartz arenite and carbonate rocks with
increasing proportions of mudstone and channel-
filling subarenite. The formation constitutes a
subatantially thicker mudstone-rich accumulation in
the Humboldt Range (Fig. 1) at the westernmost expo-
sure of the shelf terrane. Silberling and Wallace
(1969) interpreted the Grass Valley as a westerly-

*Auld Lang Syne was assigned as a group name by
Burke and Silberling (1973) for formations above the
Star Peak Group and for thick terrigeneous succes-
sions with unexposed base north of the Star Peak
exposure region. Though the euphony of the group
name is appealing, 1 have not used that terminology
because rocks north of the Star Peak outcrop area
are included in the basinal terrane (Speed, this
vol.).
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prograding fluvial-deltaic complex. Their paleo-
curraont data from outcropa of Grass Valley that nre
structurally continuous with Star Peak beds indicate
generally westerly aediment transport. The sue-
ceading Dun Glen Formation repreaentas a return of
carbonate bank deposits on the shelf, and the Winne-
mican, n gannral racurajon of muddy allicnolnstio
debris. Rocks younger than Mlddle Norian are
unrecognized in the northern tract of the shelf
torrane.

Strata of the northern shelfl terrane indicate
generally continuing subsidence for much of Triassie,
but facies and unconformities within the succession
(Nichols and Silberling, 1977) indicate the rate was
nonsteady and that the terrane was variably emergent
during its deposition. Moreover, they believe there
is evidence for upwarping during the Middle Triassic.
The rate of subsidence of the northern shelf terrane
appears to have increased generally west and perhaps
south. Silicaclastic sediments (Tobin and Dixie
Valley Formations) accumulated at the base of the
terrane near the basin margin whereas carbonates
constitute almost the entire section in the more
of fshore zone of the shelf that was underlain by
thick Koipato rhyolite. The existence of mafic vol-
canic rocks in the Star Peak Group may suggest that
crustal extension accompanied subsidence as does the
interpretation of Nichols and Silberling (1977) that
local relative uplifts during Star Peak deposition

were products of tensional differential subsidence.

The Grass Valley Formation records an abrupt
change of lithology and transport mode from the
carbonate platform deposits (Silberling and Wallace,
1969). Their interpretation indicates that at the
beginning of Norian time, alien mud and sand pro-
graded west across the basin margin and carbonate
platform as a deltaic complex. It implies further
that a shelf to deep basin transition probably lay
just west of the Humboldt Range at the beginning of
the Norian and that the transport system of the
Grass Valley Formation was one conduit of pelitic
debris to the basinal terrane (Speed, this vol.).

The southern region of the shelf terrane
consists predominantly of carbonate rocks 2-3 km
thick. It includes the Luning, Gabbs, and Sunrise
Formations of the Pilot Mountains, Paradise Range,
Shoshone Mountian, Gabbs Valley Range, and scattered
outcrops eaat of the latter range, as mapped by
Ferguson and Muller (1949). It also includes the
late Middle Triassic (Ladinian) Grantsville Forma-
tion (Silberling, 1959) of the Shoshone Mountians
which i3 seemingly the oldest among those assigned.
The actual maximum agn of rocks of the asouthorn shelf
i3 uncertain. The CGrantsville liea on poorly dated
mafic volcanic rocks that may belong to the late
Paleozoic basement of the western marine province or
may simply be Triassic eruptives in a shelf sequence
that extends to depth (Speed, 1977a). Elsewhere the
shell succession is either allochthonous (Oldow,
1977), or it has a buried base. Unlike the northern
region of the shelf, the southern terrane includes
rocks of late Late Triassic and Early Jurassic age.

Much of the southern shelf terrane is cut by
thrusts, and it is possible that the whole southern
terrane is allochthonous. Oldow (1977) found in the
Pilot Mountains (Fig. 1), the southernmost outcrop
area of the shelf terrane, that strata of the shelf
terrane are piled up in a series of 13 thrust nappes,
by structural and facies analyses, he interpreted
the principal direction of motion of nappes to have
been southeast and the magnitude of telescoping to
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have been perhapn an great as 100 km. Further, the
general north-sounth boundary between the voleanie
and southern shelfl terranes (Fig. 1) is probably
Lantonie along fta entire Jength.  Tn Lhe Paradine
Range, the volecanle terrane la Lhruatb over the shelf
terrane, but in the Pilot Mountains, the shelf
Lerpane o overthruat.  In the Garfleld Hilly and
northern Gabbs Valley Range, it is not clear which
terrane 13 structurally higher at the tectoniec boun-
dary. It is reasonable to conclude from preceding
paragraphs that the original configuration of the
southern shelf terrane and the age range of its
strata are in some doubt. It seems likely, however,
that as in the northern, rocks of the southern shelf
terrane accumulated in proximity to the relict Paleo-
zolc continental margin.

Triassic rocks of the southern shelf terrane
are largely shallow marine carbonate together with
coarse terrigenous clastic rocks whose debris was
probably derived from short distances east of the
basin margin. The middle member of the Luning
Formation of MNorian age (N. J. Silberling, oral
commun., 1972) is particularly interesting because
it contains abundant pelite together with coarser
rocks interpreted by Oldow (1977) as a deltaic
complex. In the Pilot Mountain, the upper half of
the 1 km thick middle member contains feldspathic
siliceous tuff and copious euhedral feldspar sand of
evident volcanic origin (Nielsen, 1963; Oldow, 1977).
Moreover, the middle member locally contains chert-
boulder conglomerate, implying accumulation within
several kilometcers of basement prominences.

The upper member of the Luning Formation is a
conapicuous massive Norian carbonate unit of about
700 m thickness that occurs with remarkable litholo-

" gic consistency throughout the southern shelf terrane
(Silverling and Roberts, 1962). It is succeeded by
several hundred meters of marine limy mudstone and
thin bedded limestone of late Norian and Early
Jurassic age. The upper member of the Luning and
higher units suggest lateral continuity of deposi-
tional environments as compared to the heterogeneous
middle member of the Luning Formation.

Basinal Terrane

Exposed rocks of the basinal terrane are chiefly
Triassic¢ pelites and interstratified quartz sand-
stone of known or suspected deep water origin. Thick
sucecessions of such rocks occupy an arcuate belt
that circumseribes the western margin of the lobate
northern shelf terrane (Fig. 1). Within this belt,
the pelite-sandstone successions are of late Late
Triassic (Norian) age, hut their depoaitional base
is not exposed. Moreover, outcrops of older strata
are absent in the area of the belt so that the total
thickness and age range of hidden successions of the
basinal terrane are unknown. In the southern halfl
ol the belt, strata of the baainal terrane grade up
Lo more caleareous rocks of latest Triaasic and Early
Jurasale age: 1In contrast, rocka of known Jurassic
age are absent from the northern half of the belt,
and Triassic pelites may be the last marine deposits
of that area. West of the arcuate belt of abundant
exposure of the basinal terrane, outcrops of similar
rocks are scattered throughout northwestern Nevada
(Fig. 1)

Specific map units of northwestern Nevada
included in the basinal terrane are listed in Speed
(this vol.). Early Mesozoic pelitic rocks of the
northern Sierra Nevada and Shasta regions are perhaps
correlative with the basinal terrane. The upper
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Avtington ("Cedar") and Swearingen Formation
(D'Allura and others, 1977) and the Pit Formation
and succeeding Triassic units (Sanborn, 1960) may
hava hoen orlginally contiguoun,

The arcuate boundary between the basinal and
shelf torranes (Fig.l) la n variably certain or
probable thrust zone on which the basinal terrane is
allochthonous (Speed, 1976; this vol.). The zone of
dislocation is interpreted to lie close to the
Triassic declevity that separated the shelf and
basinal despositional realms. The magnitude of dis-
placement of rocks of the basinal terrane near the
thrust zone is probably small (few km ?). The strong
deformation and general shelfward vergence of folds
of strata within the basinal terrane, however, imply
that lateral shortening of the terrane during shelf-
ward thrusting was probably large. The time of .
thrusting and first tectonic deformation of the
basinal terrane was approximately mid-Jurassic.
Conceptually, the mid-Jurassic orogeny seems to have
caused the basinal terrane to flatten against and
squeeze out over the shelf edge.

The boundary between basinal and voleanic arc
terrane is depositional at Rawhide Summit (Fig. 1),
the only place the contact is exposed. There,
distal turbidites of the basinal terrane are suc-
ceeded by proximal volcanogenic turbidite and Upper
(?) Triassic carbonate rocks and at higher levels,
by volcanic and carbonate rocks typical of the vol-
canic arc terrane. This one locality indicates
northward progradation of rocks of the volcanic
terrane over those apparently allied with the basinal
terrane and ultimate shoaling of the depositional
site. The pelitic rocks could, of course, be a
tongue in an otherwise continuous succession of
voleanogenic rock.

The Clan Alpine Mountains (Fig. 1) probably
provide the greatest depth of exposure of strata
within the southern part of the basinal terrane
(Speed, this vol.). The Clan Alpine succession is
about 5.4 km thick and spans Norian time; the upper
400 m could be Jurassic. The lower U4 km are predom-
inantly distal turbidite and hemipelagite of which
the mud fraction is composed of quartz, illite,
chlorite, and plagioclase. The directions of
currents that deposited the distal turbidites are
unknown. Interstratified with the muddy rocks are
deep water quartz arenite, chert-quartzite-limestone
pebble conglomerate, and carbonate-particle deposits
whose debris moved generally down and accumulated at
the base of a northwesterly-facing slope (in modern
geography). The sources of such particles were
littoral regimes which included exposures of older
rocks, biogenic and inorganic carbonate particle
accumulations, and quartz sand beaches or bars.

The upper L.5 km of the sequence in the Clan
Alpine Mountains contains only fine silicate sediment
of hemipelagic (?) origin and upward increasing pro-
portions of carbonate rock, culminating in about
600 m of massive platform carbonate at the top of
the section. The upper part of the section records
either by-passing or elimination of sources of the
coarse debris that occurs in the lower strata.
Moreover, it indicates ultimate shoaling of the
former deep basin floor.

West of the Clan Alpine Mountains, the basinal
terrane includes-Lower Jurassic beds as thick as 1
km (Speed, 1978) which are generally organic limy
pelites. Such rocks were evidently deposited under
open marine conditions, perhaps below wavebase.
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Their narbonate debrin wan conceivably derived from
the carbonate platform that forma of the upper strata
of the basinal terranc in the Clan Alpine Mountains.
Given that the Farly Jurassic and lLate Triasaic sub-
periods were equally long, the mean rate of accumu-
lation of sediment was more than 5x greater in the
Late Triasaic in the southern region of the basinal
terrane.

The only other successlon of the basinal terrane
whare a stratigraphy has been worked out i3 in the
Santa Rosa Mountains (Fig. 1). There, Compton (1960)
found a succession over 6 km thick of pelite, quartz-
ose sandstone, and minor carbonate rocks of Norian
and Norian (?) age. Unfortunately, data leading to
interpretation of depositional environments of the
basinal terrane are unavailable outside the Clan
Alpine Mountains. The uniformity of mineral composi-
tion of the Triassic pelites and their widespread
association with quartz sandstone, however, suggests
that the entire .basinal terrane had the same general
sediment source.

Contemporaneous deposition of nearly identical
sediment occurred in the northern shelf and basinal
terranes in early and Middle Norian time. Comparison
of thicknesses of approximately coeval intervals in
the Clan Alpine sequence (Byers Canyon, Dyer Canyon,
and lower half of Bernice Formations) with.that of
the Grass Valley, Dun Glen, and Winnemucca Formations
of the central part of the northern shelf terrane
(5ilberling and Wallace, 1969) indicates the basinal
succession accumulated about 3x more rapidly. A
similar comparison with the Santa Rosa succession
cannot be made because age equivalence i3 unknown.
The differences in Norian accumulation rates between
shelf and basinal terranes and the evidence for deep
water deposition in at least the southern region of
the basinal terrane indicate large differential sub-
sidence between areas of the two terranes. The
differential subsidence could have been either pre-~
or syn-Norian; if the latter case is true, the rate
of basinal subsidence exceeded the impressive rate
of sediment accumulation of roughly 102em/103yr
for about 5 m y. Later evidence will suggest that
pre-Norian differential subsidence is more likely.

Interpretations of the direction of sediment
transport in the Grass Valley Formation (Silberling
and Wallace, 1969) and in lower formations of the
Clan Alpine sequence (Speed, this vol.) imply east-
erly sources, surely for sand and coarser debris and
at least part for the silicate mud. The eastern
quartz sandrich part of the Grass Valley ("0Osobb
Formation") may be a preserved deposit of the same
beach zone that supplied clean quartz sand to the
deep water deposits in the Clan Alpine sequence.

To ascertain the histories of differential
subsidence and accumulation of .silicate mud of the
basinal terrane, the character and age of the con=+
cealed rocks of the terrane must be inferred from
exposures of the base of the terrane and subjacent
rocks in the Black Rock Desert of northwestern Nevada
(Fig. 1). Based largely on Willden's (1964) recon-
naissence, the sequence in the Black Rock Desert is
interpreted as follows (Speed, 1977a; this vol.):
late Paleozoic volcanic arc and related sedimentary
rocks are overlain by about 500 m of carbonaceous
limestone and interbedded black mudstone and chert
of early Mesozoic age; these beds are conformably
succeeded by pelite and quartz sandstone that are
typical of Triassic rocks of the basinal terrane.
The best esatimate of the age of the lowest horizons
of the pelitic succession is late Middle Triassic

.

. (Ladinian), as diagnosed by N. J. Silberling (in
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Willden, 1964) for the Quinn River Formation.

The depositional envirénment of the Triaasic
rocks below the pelitiec successlion is uncertain.
However, their content of chert and dark mudstone
may imply that the region was basinal for an unknown
duration before the onset of major influx of silicate
mud and sand, probably in late Middle Triassic
(Ladinian) time. Tt follows that if the earlieat
mud of the thick pelites of the basinal terrane was
dumped into a preexisting decp water basin, the basal
accumulations of the pelites are probably isochronous
and everywhere Ladinian. Thus, it appears that the
pelitic ‘aediment entered the deeper marine region
for a significantly longer duration than the early
and middle Norian times during which it also spread
over the northern shelf (to form the Grass Valley .
and Winnemucca Formations). A further implication
is that a copious supply of mud and sand suddenly
became available near the end of Middle Triassic
time.

The volume of exposed rocks of the basinal
terrane is estimated to be 105km3, close to the
value given by Burke and Silberling (1973). Of this,
probably 70 percent is mudstone. It is reasonable
to assume that concealed deposits might double the
figure.

The pelitic rocks are seemingly homogeneous
according to x-ray studies and density measurements
and Compton's (1960) petrographic, chemical, and
density data. They contain abundant quartz and
lesser white mica and plagioclase as silt and perhaps
finer particles. K-feldspar is apparently absent.
Illite and chlorite compose the clay fraction.
Compton's chemical analyses indicate the clay frac-
tion is somewhat ferrugenous, and calculations with
his data indicate about 10 percent total iron oxide
as Fe203 in the clays. This value is somewhat higher
than the 5-7 percent given for modern terrigenous
clays by Garrels and Mackenzie (1973). Volcanogenic
particles are not evident in the Clan Alpine sequence
nor in the Santa Rosa succession, but in the latter,
some detrital mica is biotite in various stages
of alteration to white mica (Compton, 1960). Beyond
the implication of an igneous source for biotite in
the Santa Rosa sequence, the lithology of the mud
fraction provides no direct indication of its origin.
Later regional considerations suggest, however, that
a volcanogenic origin of the pelitic debris was
perhaps likely.

Volcanic Arc Terrane

The volecanic arc terrane contains inte{mediate
and siliceous extrusive and related sedimentary
rocks, interstratified carbonate rocks, and higher
beds of generally less volcanogenic sedimentary
rocks. The environment of volcanism and sedimenta-
tion was generally marine. The volcanic terrane of
the marine province and its probable original sub-
aerial prolongation to the south are arc-related
because they form a belt that is parallel and
adjacent to a Triassic tectonic boundary, as
discussed later.

Table 2 summarizes stratigraphic relationships
at major localities in this terrane. The data show
how meager the age control is. The lower contact of
most of these successions is buried or faulted. The
only locality where a depositional base above region-
al basement is exposed is in the Excelsior Mountains;
there, the early Mesozoic 'strata (Gold Range Forma-



tion) Lle unconformably over 250-260 my old mafic
rocka of the late Paleozoic arc at a position just
narth of the Palcozoic continental mirgln. (Spred,
L977b) . Unfortunately, the lower part of Lhe Gold
Range Formation is undated. The depositional base
of the early Mesozolc are terrane at Rawhide Summit
cannot be regarded as a regional contact because the
subjacent mudstone may be only a tongue in a vol-
canic section that continues to depth.

Triassic and Jurassic strata of the volcanic
arc terrane are widely overlain by quartz sandstone
and volcanogenic rocks of the Dunlap Formation
(Muller and Ferguson, 1939) and related units. In
this paper, these suprajacent units are grouped in
an orogenic terrane (Table 1) and discussed
separately in a later secton.

The oldest dated rock in the early Mesozolc
volcanic arc terrane appears to be andesite at the
base of the exposed section in the Singatse Range
(Table 2). The dated rocks give a Rb-Sr age of 215
m y (Einaudi, 1977), and they lie some distance below
beds that contain faunas at the Karnian-Norian tran-
sition (J. C. Proffett, oral commun., 1976; fossils
identified by N. J. Silberling). Assuming that
Permian rocks are a ubiquitous basement to the early
Mesozoic volcanie terrane, the onset of early Meso-
zoic volcanism was between 250 and 215 mybp. I infer
below that igneous rocks of the early Mesozoic vol-
canic are terrane were probucts of the earliest
epoch of plutonism of the Sierra batholith. Intru-
sions generated in that epoch (Fig. 1) have an
apparent age range of 215-200 mybp (Evernden and
Kistler, 1970; Kistler, this vol.). Thus, andesite
of the Singatse Range was among the first eruptions
of the Mesozoic volcanie terrane.

The thickness of the volcanic arc terrane is
poorly known except in the Singatse and Pine Nut
Ranges where exposed sections are about 3 km
(Einaudi, 1977) and 2 km thick (Noble, 1962),
respectively. Most of the localities, however, give
the impression of substantial thickness.

There seems to be a general concentration of
volcanic rocks in lower parts of the successions
where a stratigraphy can be recognized. At most
places, increasing proportions of carbonate rocks
occur upsection, commonly culminating in a thick
massive carbonate unit of known or presumed Norian
age. The massive carbonate rocks are succeeded by
thin-bedded limy pelitic rocks that are latest Norian
and Early Jurassic. Except for the region from the
Singatse Range west, rocks of known Early Jurassic
(and pre-Dunlap) age have little or no volcanogenic
material. Morcover, Lower Jurassic rocksa in the
Singatse and Pine Nut Range are less volcanogenic
than the Triassic parts of the section.

Lateral variations in the volcanic terrane
are less evident and have been complicated by
thrusting within the terrane and between the volcanic
and southern shelf terranes. A significant differ-
ence, however, séems to exist between the early
Mesozoic volcanic terrane of the Excelsior Mountains
and that in areas farther north. The Gold Range
Formation of the Excelsior Mountains contains high
proportions of ash-flow tuff and fluvial terrigenous
and volcanogenic sedimentary rocks, suggesting a
prevailingly subaerial environment. In contrast,
the volecanie terrane in the Gillis Range contains
much massive flow foliated rhyolite and breccia that
is irregularly associated with thin bedded volcanic
sedimentary rocks and, at places, with marine carbo-
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‘the chemical data.

nate rocka, The Gillis volcanic rocks and those of
the Pamlico district (Oldow, this vol.) are perhaps
more generally marine than those of the Gold Range.
Tha volennte torrane near Rawhlde Summit acema to
have an even higher proportion of marine volcanic
and carbonate sedimentary rocks. Thus, the southern
strandline of the marine province may have lain
generally north of the Excelsior Mountains in the
Triassic. The existence of volcanic conglomerate in
the Gi1lis and Sand'Springs successions, however,
implies that voleanic shoals existed within the
marine region. .

The widespread occurrence of massive carbonate
rocks in the region of carly Mesozolc volcanic rocks
has been observed by many geologists and first
documented by Muller and Ferguson (1933). They
correlated almost all the carbonate rocks in the
Hawthorne and Tonopah (1:125,000) quadrangle with
the Luning Formation which is here restricted to the
shelf terrane. In order to maintain the integrity
of the Luning Formation, they were forced to envision
that thrust faults separate volcanic and carbonate
units which are in fact interbedded. It may be
correct that the upper member of ‘the Luning Formation
and massive carbonate strata of the volecanic terrane
were at least partly contiguous. Muller and Ferguson
(1939) also correlated Lower Jurassiec rocks that lie
above Triassic volcanic sections with the Sunrise
Formation that lies above the nonvolcanogenic Luning
Formation. The lateral homogeneity of the beds of
known and presumed Early Jurassic age makes Sunrise
an applicable name.

Chemical analyses of Triassic volcanic rocks of
the volecanic terrane are presented in great number
by Rogers and others {1974), and a few more are in
Ross (1961) and Speed (1977c¢). The data indicate
that the rocks are calc-alkaline and range widely in
composition. They include mafic as well as strongly
silicedus (510, > 75 percent) types; alkali contents
are markedly variable and occasionally as great as
10 percent. There is no evident spatial trend of
As noted by Rogers and others
(1974), the Triassic volcanic rocks are significantly
more siliceocus than the subjacent late Paleozoic
rocks (their Excelsior Formation).

Uncertainty in ages of rocks exists at many
places in the volcanic arc terrane, but it seems
that volcanism generally waned within late Triassic
time. The region of Triassic volcanism, which
contained sites of carbonate production and accumula-
tion during magmatism, was then covered pervasively
by a shallow marine carbonate regime within the
Norian. Subaidence of the region continued and could
even have increased during widespread carbonate
accumulation relative to that of the earlier volcanic
stage.

East of the Singatse Range, the Lower Jurassic
deposits (Sunrise) record a generally offshore,
plane-floored marine environment, considered by
Stanley (1971) to be generally subtidal. Like the
probably contiguous Lower Jurassic rocks of the
basinal terrane, these rocks suggest that the rate
of subsidence in the Early Jurassic marine province
exceeded the rate of carbonate production such that
deepening of the province increased with time. The
only Sunrise faclies indicating nonmarine conditions
or nearby terrigenous sources are the Jurassic red
beds of the Gold Range Formation (Table 2).

From the Singatse Range west, the Lower Jurassie
deposits (Gardnerville Fm.) indicate probably a west-
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Location (Fip. 1)

Table 2: Lithic Successions Within the Volcanic Arc Terrane

Lithic Succession (older to younger)

References

Excelsior and Pild t
Mountains

Garfield Hills

Gillis Range

Paradise Range
Westgate

Rawhide Summit

Truckee Range
Peavine Mtn.

Singatse Range

Pine Nut Range

northern Wassuk Range

New Empire
quadrangle

Fallen Leaf Lake

Gold Range Fm.: unconformable on Permian arc rocks; includes >3 km(?) of coarse terrigenous
and volcanic rocks interlayered with siliceous ash-flow tuff and breccia (undated) and upper
100 m of Lower Jurassic red beds and marine carbonate rocks

Pamlico Fm.:. allochthonous; Triassic intermediate and siliceous lava, breccia, and
sediment interlayered with carbonate rocks; increasing proportions of carbonate upward;
conformably overlain by Lower Jurassic limy pelite of Sunrise Fm.

thick succession of intermediate and siliceous lava, breccia, protrusions, and volcanic sedi-
ment, probably chiefly marine; thin carbonate interbeds with Late Triassic fossils (N. J.
Silberling, written commun., 1972); succeeded by massive (>300 m?) carbonate unit and higher,
by dark shaly limestone and mudstone of Norian age

undated laterally variable intermediate massive volcanic rocks, volcanic sediments, and
carbonate rocks, all probably allochthonous; assemblage of quartz porphyry, Kfeldspar
porphyry, quartz sandstone, and dolomite of the orogenic terrane is locally associated

undated andesite, volcanic conglomerate, quartz- porphyry; allochthonous

Late friassic volcanic sediments overlying mudstone (of basinal terrane) and interbedded
with carbonate rocks; increasing proportions of andesite, welded tuff, and carbonate rocks;
(probably Late Triassic) upsection, massive carbonate unit (>500 m, locally conglomeratic)
at top

undated andesite and siliceous rocks
intermediate breccia and tuff, volcanic sediments; Late Triassic(?)

thick succession of Karnian(?) andesite and rhyolite, upper Karnian-lower Norian carbonate
and silicaclastic strata, massive limestone, Lower Jurassic limy pelitic rocks (tuffaceous)

Norian intermediate and siliceous volcanic breccia, lava, tuff, and ash-flow tuff inter-
stratified with marine limestone (1000 m) of the Qreana Peak Fm.; Norian and Lower Jurassic
mudstone, volcanogenic sediments, and limestone as young as late Toarcian (1000 m) of the

Cardnerville Fm.; succeeded by rocks of orogenic terrane

andesite and siliceous volcanic rocks overlain by massive Triassic(?) limestone; siliceous

argillice and siltstone, at least partly of Early Jurassic age, with limestone interbeds
in upper horizons

andesite overlain by dacite flows and ash-flow tuff; interbedded Upper Triassic limestone and
marine pyroclastic rocks correlated with Oreana Peak Fm.; calcareous and tuffaceous pelitic
rocks correlated with Gardnerville Fm.; succeeded by siliceous volcanic rocks of probable
affiliation with orogenic terrane

over 2 km of graded thin-bedded calcareous turbidites of at least partly Early Jurassic

age; overlain by thick conglomerate and andesite of probable affiliation with orogenic
terrane

Speed (1977b)

Oldow, this vol.

Ferguson and Muller
(1949)

Ross (1961)

Speed (1977b and
unpubl. data)

Vitaliano and
Callaghan (1963)
Speed (1977c¢)

Corvaléan (1962)
Willden and Speed ’

Ross (1961) .
Willden and Speed (197%4)

-
™
1
P
.

Willden and Speed (1974)
Bonham (1969)

John C. Proffett (oral
communt., 1976)
Einaudi (1977)

Noble (1962)

E. C. Bingler (writtea.
commun., 1978)

E. C. Bingler (written
commun., 1978)

Loomis (1961)



erly dnereantng rate of anbatdenco, InCloax of more
atlleate and voleanogente debrls than o the Sunrlse
rockn, and at least oceaatonal turbidity current
Lranapert (Hoble, 1962; F. €. Blngler, weithen aonn.,
1997; k. C. Speed, unpubl.). An Flrat proposed by
Noble (1962), Lhe Gardnarville strata (here extended

eanl Lo Lhe Slapatae Range) sean Lo be Lranaltionnl
between contemporaneous subsiding shelf deposits of
the Sunrise and largely voleanogenic trough accumu-
lations of the 3allor Canyon {(Milton) Formation in
the centrai Sierra Nevada (Fig. 1). In fact, the
Sailor Canyon trough probably included the Early
Jurassic rocks of the Ritter pendant (Kistler, 1966;
Stanley and others, 1971; Kistler, this vol.) and
tth?t. Jura section of the northern Sierra (McMath,
19 .

Although the correlation of sections containing
massive Norian carbonate rocks and "Sunrise" beds
between the volcanic and southern shelf terranes
seems reasonable, there is little basis for alliance
of lower parts of the two successions. The existence
of volecanogenic material in the middle member of the
Luning Formation of one of the thrust nappes of the
Pilot Mountains i3 the only evidence for intergrada-
tion (Nielsen, 1963) between volcanic and shelf
terranes. Thus, one must appeal either to an abrupt
transition (for example, volcanism restricted to the
west of a shelf edge) or to a broader zone of inter-
gradation that is overthrust by rocks of the volcanie
terrane.

Contact relationships among the three early
Mesozoic terranes suggest that the basinal terrane
and the volecanic arc terrane (except for the Gold
Range Formation, Table 2) could be companions in a
giant allochthon that moved continentward over the
shell terrane. It is noteworthy that if a continuous
thrust zone actually underlies the basinal and vol-
canle arc terranes, the aurface trace of thrust would
roughly parallel and ba eoextensive with the Permo-
Triansle Goleonda thrust as drawn by Speed (1977a).

Facies provide no certain indication that the
southernmost outcrops (the Gold Range Formation,
Table 2) of the volcanic terrane represent the south-
ern limit of- its deposition. The bulk of the Gold
Range was probably deposited subaerially, and lithic
equivalents may have extended untold dilstances to
the south. 1In fact, scattered tracts of poorly dated
voleanogenic rocks that are posaibly correlative
with the volcanic arc terrane of the western marine
province occur to the south of the Gold Range Forma-
tion (Fig. 2) in- the Inyo, White, and Panamint Ranges
of Tnyo County, California (Johnson, 1957; Merriam,
1963; Roana, 1967; Abbott, 1972; Crowder and Roas,
-1973; Stevens and Olson, 1972). Successions in each
tract may be Late Triassic (age brackets vary from
as close as Middle Triassic-Early Jurassic to as
open as pre-Cretaceous), and Abbott's (1972) study
indicates that those of the Inyo and Panamint Ranges
are compositionally like the Triaasic volcanic rocks
of the Gillis Range (Rogers and others, 1974). The
depositonal environment of Inyo County volcanic rocks
is not certain, but there is no evidence for marine
environments. Thus, I propose that the realm of
depoaition of Triassic volcanic rocks extended south-
ward of the marine province in western Nevada on
emergent ground as far as Death Valley, and perhaps,
beyond. :

The paucity of outerop of Triassic volcanic
rocks south of the marine province is due partly to
massive erosion because the well known southeastward
increase in average age of rocks exposed between the
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.‘Ranlnior Mountaina and Denth Vallay dmplies progros-

slvely greater poat-Trlasate uplift Lo the soulh.
The volecanic rocks may also have undergone tectonic
govaring by Lhemal ahaata of Lowar Palaozolae rocks,
aa Inferred Iin the White Mountains by 3tevens and
Olnon, 1972.

Intrusions of the Lee Vining epoch, the earliest
phase of the Sierra Nevada batholith, crop out Just
south of the weatern marine province (Fig. 1)
(Evernden and Kistler, 1970). Such plutons have an
apparent age range of 215-200 mybp (Kistler, this
vol.; oral commun., 1978) according to concordant
hornblende (K-Ar), zircon,and Rb-Sr dates. A small
pluton with a hornblende age of 210 my occurs within
the southern volcanic arc terrane (Fig. 1) (Speed
and Armstrong, 1971), and other scattered bodies
with ages in the same range seem to occur in a beit
that trends southeast at least 500 km from the area
of Triassic plutons in Figure 1 (Burchfiel and Davis,
1972). The probable overlap in age of Triassic vol-
canic rocks of the marine province and the Triassic
plutons of the Sierra batholith strongly implies the
two suites of igneous rocks were comagmatic. More-
over, the postulated southeasterly subaerial prolon-
gation of the early Mesozoic volecanic terrane and
generally coextensive Triassic plutons provide a
glimpse of the locus of an elongate magmatic belt
that was the first Phanerozoic arc developed on the
cogt%nent in the southern cordillera (Hamilton,
1969).

OROGENIC TERRANE AND DESTRUCTION
OF THE MARINE PROVINCE

The early Mesozoic marine province of the west-
ern Great Basin underwent major deformation and final
effacement as a site of marine depoaition in late
Farly Jurasaic and Middle Jurassic time (late Toar-
cian and Bajocian). During this interval, sediments
of tha oroganie terrana accumulataed at local sites
within the reglon of the marine province south of
about NOON, Most sites were created by tectonic
subsidence (Ferguson and Muller, 1949; Speed and
Jones, 1969; Wetterauer, 1977) but a few seem to be
relics of the earlier open marine environment.

This terrane contains the following rock units:
Boyer Ranch Formation (Speed and Jones, 1969); Love-
lock Formation (Speed, 197H4); Muttlebury Formation
(Speed, 1975)% Humboldt lopolith (Speed, 1976);
Middle Jurassic rocks at Weatgate (Corvalan, 1962;
Willden and Speed, 197#); association of quartz
porphyry-quartz arenite-limestone conglomerate in
the southern Stillwater Range (Willden and Speed,
1974), Paradise Range, and Quartz Mountain (R. C.
Speed, unpubl.); Dunlap Formation (Ferguson and
Muller, 1949; Nielsen, 1963; Stanley, 1971;
Wetterauer, 1977); gypsum, quartz sandstone, conti-
guous volcanogenic strata at Ludvig, Singatse Range
in the western Excelsior Mountains, and in the Pine
Grove Hills (R. C. Speed, unpubl.), and the Prea-
chers, Veta Grande, and Gold Bug Formations of Noble
(1962).

Rocks of the orogenic terrane lie variably
with conformity or unconformity above strata of the
three Mesozoic terranes and in the Pilot Mountains,
above pre-Mesozoic rocks. Basal strata of the oro-
genic terrane are almost uniformly quartz sandstone
which may be interstratified with carbonate-evaporite
rocks or include quantities of coarse terrigenous
sediment. These rocks are commonly overlain by vol-
canogenic sedimentary rocks and minor volumes of
andesite and siliceous volcanic rocks. Major excep-
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tionn to this thime occur at two places. Marine
carbonate roeks that are late Early Jurassic and
interatratificd with quarts sandatone at Westgatle
(Fig. 1) are continuous with early Middle Jurassic
limentone (Corvalin, 1962). In the Pine Nut Range
(Noble, 1962) and nearby areas, quartz sandntone s
overlain by several kilometers of volcanogeniec rocks
of which welded tuff is the predominant constituent.

Dating of the quartz sandstone of the orogenic
terrane is meager bul permissive of .isochronous
deposition in late Early Jurassic (late Toarcian)
time. Some overlap in times of depostion of Sunrise
rocks and the orogenic ‘terrane is conceivable, but
Stanley's (1971) contention they are facies is
totally unsupported. Deposition of volcanogenic
debris of the orogenic terrane is dated at one place
in the Dunlap Formation, there also probably late
Early Jurassic. Evidence from the Humboldt lopolith
indicates quartz sandstone was accumulating (or
perhaps, reaccumulating) at about 165 mybp.

Deformation of the Mesozoic strata of the marine
province occurred by the creation of folds and thrust
nappes at the free surface (Ferguson and Muller,
1949, Speed and Jones, 1969; Speed, 1975; Oldow,
1977). These surface phenomena were probably syn-
chronous with deep-seated movements that culminated
in the major thrust faults between terranes. The
thrusts are apparently of great trace length, but
their magnitude and direction of displacement are
poorly known in a regional sense. For example, the
southeastern part of the basinal terrane (Clan Alpine
sequence) probably moved northeast relative to the
northern shelf terrane (Speed, this vol.) whereas
rocks of the southern shelf terrane in the Pilot
Mountains moved southeast relative to an autochthon
of the volcanic are terrane (Oldow, 1977). If a
uniform displacement originally occurred on the major
thrusts of the province, progressive deformation
during the mid-Jurassic orogeny and rotation by
subsequent tectonic events have made it hard to
decipher.

At the onset of regional deformation in the
Jurassic, the marine province south of UYQON was an
open marine region with probably greatly diminished
subsidence relative to its average Triassic rate
except near the western boundary. The eastern
shoreline may have been within the western Great
Basin (Speed and Jones, 1969), or the sea may have-
extended east into Utah (Stanley and others, 1971).

. Deformation caused mountains along what is now the
southern margin of the marine province (Ferguson and
Muller, 1949; Wetterauer, 1977) and warps of free
surface at other places. Quartz sand from the same
sources that fed the Jurassic Nugget-Navajo-Aztec
sand accumulations in the eastern Great Basin
migrated into the tectonic lows that developed in
the western marine province (Speed and Jones, 1969;
Stanley, 1971). The thicknesses of quartz sand
trapped in these lows varies from a few tens of
meters to nearly 2 km. Evaporites were deposited
with or without quartz sandstone in those basins
with restricted circulation. Quartz sand that
entered basins near the mountainous regions was
comingled with deluges of coarse terrigenous debris.
Quartz sand in units of possible Early Jurassic age
in the southern Sierra Nevada (Jones and Moore,
1973; Schweikert and others, 1977) may have been
derived from the same sources.

Cessation of deposition of quartz sand north of
about 390N was apparently caused by increased up-
1ift and deformation (Speed and Jones, 1969),
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tism.

although marlne deposaition occurred na late aa
Bajoclan time at Westgate {Corvalan, 1962). South
of 399N, the source of debrls in the voleanogenic

rocks which abruptly succeed the quartz sandstone is

inferential. The thick succession of volcanic rocks
above the quartz sandstone in the Pine Nut Range
(Noble, 1962), however, indicates that volcanic
sources existed in what 13 now a weaterly direction.
There 13 also a general aouthward thickening of the
volcanie sedimentary rocks (in the Dunlap Formation),
but this probably reflects the direction of increased
subsidence of a tectonic trough. Minor magmatism
occurred within the areas of the marine province
during accumulation of the orogenic terrane, but
such igneous activity seems not to have been a major
sediment contributor. ' .

Conditions in the western Great Basin before
and after the onset of orogeny at the end of Early
Jurassic time indicate change from general quiesence
to tectonic disruption and encroachment of a major
quantities of volcanic sediment toward the southern
region of the province. The absence of marine beds
younger than Bajocian in the western Great Basin
suggests that the western Great Basin has remained
high and dry ever since the mid-

Jurassic orogeny.

ORIGIN OF SUBSIDENCE OF THE WESTERN
MARINE PROVINCE

The remarkable proximity of the continentward
margin of the subsident region of the early Mesozoic
marine province and the proposed Early Triassic
collisional boundary between a late Paleéozoic vol-
canic arc and the North American continent (Speed,
1977a) provides a ready explanation for the subsi-
dence of the marine province. The marine province
represents a successor basin to the collided late
Paleozoic arc, and its subsidence was caused by
thermal contraction of the late Paleozoic are
lithosphere.

After collison, the convergent boundary jumped
west to an unknown, perhaps distant, location. Near
its continental suture, at least, the lithosphere of
the late Paleozoic arc cooled and contracted because
pre-collison subduction-related heating was elimi-
nated.

The rate of contraction, hence subsidence, was
not evidently uniform throughout the successor basin.
The basinal terrane presumably records the zone of |
maximum subsidence rate. The subsiding shelves sank
apparently less rapidly even though parts of the
shelf terrane lie above the late Paleozolc volcanic
arc. The lower rate of subsidence close to the
suture may be explained by the flexural rigidity of
the volcanic arc and its weld at the suture. This
effect does not, however, account for the wide and
lobate form of the northern shelf terrane and the
seemingly coextensive Early Triassic Koipato magma-
A relatively simple hypothesis holds that
local melting of subducted sediment added volume and
water to the arc lithosphere at about the time of
collision. Such events perhaps locally cooled and
thickened the arc lithosphere and created a region
of lower subsidence rate. Preliminary strontium
isotopic studies (R. W. Kistler and R. C. Speed, in
prep.), however, suggest the Koipato rhyolite was
not a product of melting of continental or conti-
nentally-derived material. Perhaps upleaking of
subduction-related water alone into a part of the
colliding lithosphere could have provided the same
results. .



Substdanco-of Lhe parl of, Lhe marine provinoo
in which the early Mesozole volcanle arc terrane
accumalated was evidently affected by heating that
cauned Triasgle mngmatiam. If the hypothesls (a
correct that Triasslc volcanism started at about 215
mybp, rcheating in the 1itheaphere below tha volcanlie
terrane presumably started sometime earlier, perhaps
at 220 mybp. If collison of the late Paleozolc
1ithoaphere waas complete at nbout 235 mybp (approxi-
mate time of Kolpato rhyolitic volcanism), a gap of
some 15 m y intervened between the onset of cooling
and reheating. Thus, the general hypothesis predicts
that early subsidence occurred in the region of the
volecanic arc terrane and that the later Triassic
volcanism either filled the basin or accompanied
uplift that caused regionally shallow marine condi-
tions. The later Triassic magmatic event was fairly
short-lived as here inferred from stratigraphic
successions and more general, as interpreted by °
Kistler (1974) from chronologic studies of plutonic
rocks of the Sierra batholith. Cessation of Late
Triassic igneous activity in the volcanic terrane
thus allowed resumption of lithospheric contraction,
subsidence of the surface, and the development of a
regional carbonate bank. It may be inferred that
carbonate production could not keep pace with subsi-
dence and that by, latest Triassic time, the region
became a more continuous offshore marine regime that
accumulated the fines of ‘the Sunrise type.

ORIGIN OF SILICATE MUD IN THE BASINAL TERRANE

An important factor in paleogeographic models
of the Late Triassic of the cordillera is the origin
ol the copious silicate mud that accumulated in the
basinal terrane and to a lesser degree, in the shelf
terrane. As discussed earlier, the pelitic consti-
tuents of these terranes have no characteristies
that evince their provenance. It would appear that
some at least of the mud was transported by fluvial
means west across the continental margin into the
marine province starting approximately in late Middle
Triassic and waning in late Late Triassic times.
With these constraints, two source regions can be
envisioned: 1) the subaerial region of the Triassic
continental magmatic arc that extended southeast of
the western marine province, and 2) a continental
region east of the northern Colorado Plateau, as
suggested by Silberling and Wallace (1969).

Although the existence of a major source east
of the northern Colorado Plateau cannot be dis-
counted, the arc source seems likely to have been a
ma jor contributor. The timing of onset and cessation
of Triassic volcanism may be harmonious with that of
mud influx to the marine province (within the uncer-
tainty of absolute and relative time scales in the
Triassic). The spottiness of thick remnants of
volecanic successions of postulated Late Triassic age
in Tnyo County argues that an original belt of such
rocks was severely eroded. The abundance of detrital
mica that may have originally been biotite in rocks
of the basinal terrane supports a voleanic source.
Finally, sediment patterns in the subaerial Upper
Triassic rocks of the southern Colorado Plateau
support the idea that a volcanic source existed in
southeastern California and Arizona and that fluvial
tranaport was northerly to northwesterly (Stewart,
1969; Stewart and others, 1972). Thus, the marine
province of northwestern Nevada and subaerial realms
further east may have shared this sediment supply
(J. H. Stewart, oral commun., 1978). The absence of
evident volcanic particles in the basinal terrane
and in Upper Triassic rocks of the northern plateau
requires that such material was comminuted during
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long (300 km) tranaport and{or) nllorntod durlng
diagencesis. ‘

SUMMARY : MODEL OF PALEOGEOGRAPHIC EVOLUTION
OF EARLY MES0ZQIC WESTERN MARINE®
PROVINCE AND RELATED AREAS

The long standing Paleozoic continental margin
in what is now central and western Nevada (Fig. 1)
waa tha locua of colliaion with an easterly to
southeasterly migrating late Paleozoic volcanie are.
The collaion occurred in the Farly Triasslc perhaps
at about 235 mybp but not neceanarily everywhore at
the same time. The late Paleozoic arc welded to the
continental margin, and the convergent boundary that
had previously dipped below the arc jumped far west
to an unknown site (Speed, 1977a). Loss of subduc-
tion-related heating caused thermal contraction of
the arc and created the subsident region of the early
Mesozoic western marine provice of the Great Basin.
A perturbation of unspecified nature, perhaps
creating massive influx of subduction-related water
may have caused local late stage Koipato magmatism
in the collided (or colliding) edge of the arc
lithosphere. Such magmatism was associated with
processes that caused a lobate tract of the arc
lithosphere to subside less rapidly than adjacent
regions.

In the early phase of subsidence (235-215 mybp),
the offshelf realm of the province was probably a
deep water basin in which shelf-derived hemipela-
gie(?) carbonate and silicaclastic muds accumulated
over the late Paleozoic basement (Fig. 2a).

Widespread magmatism began at about 215 mybp
and caused volcanism in the southern half of the
marine province (Fig. 2b) and probably in a contigu-
ous belt of emergent territory at least as far socuth
a3 Death Valley. Plutons of the Lee Vining intrusive
epoch (Evernden and Kistler, 1970) in the Mono region
and a Triassic intrusion in the southern marine
province were comagmatic with the volcanic rocks.
Together, these Triassic igneous rocks were the
products of the construction of a new volcanic arc
whose prolongation south of the marine province
records the first Phanerozoic magmatism within the
continental realm of the southern cordillera.

Magmatism in the southern part of the marine
province filled the basin with volcanic rocks and
(or) caused uplift of the seafloor so that shallow
marine conditions existed there through most of the
Norian. The volcanic terrane may have prograded
north over the basinal terrane.

The subaerial Triassic volcanic pile which lay
south of the marine province (Fig. 2b) was the source
of the enormous volume of finegrained silicaclastic
sediment that exists in the basinal terrane. Such
sediment was apparently transported by fluvial sys-
tems 100 to 300 km north to the eastern margin of
the aubsident region. There, one or more fluvial-
deltalc conduits, like that documented by Silberling
and Wallace (1969) for the Grass Valley Formation,
delivered sediment across -the subsiding shelf to the
upper slope break. From there, turbidity currents
were the principal mode of transport of sediment to
the basin floor, at least in the southern part of
the deep basin. The subsiding shelf which occurred
along the eastern margin of the deep basin was
chiefly the site of carbonate regimes and of quartz
sand beaches except where and when they were overrun
by deltaic deposits (Grass Valley and Winnemucca
Formations of Silberling and Wallace, 1969; facles
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Figure 2: Paleogeographic evolution of the early Mesozoilc western Marine province.
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of the middle member of the Luning Formation Oldow,
1977).

By late Norian time (200 mybp?), major changes
had occurred in the marine province (Fig. 2¢).
Volcanism waned and may in fact have ceased. The
southern region of the province was then covered
partly if not continuously by carbonate banks.
basinal terrane received only meager influxes of
silicaclastie debria relative to those of carller
time. Moreover, subsidence of the deeper bazsin
waned, and the southeastern reaches of the basinal
terrane shoaled as a carbonate bank near the end of
Norian time. The entire marine province north of
400 may have emerged at about this time.

The

At about :the beginning of the Jurassic, reglons
of the southern basinal terrane and the volecanic arc
terrane were the remaining subsea realms of the
marine province (Fig. 2d). The early Jurassic sea
was probably of moderately uniform depth throughout,
and it may have extended farther east than did
Triassic seas of the province. The apparent prolon-
gation of subsidence in the southern half of the
province compared to that of the northern half may
have been due to longer cooling time of its litho-
sphere because it was affected by a pulse of Late
Triassic magmatism that was absent in the northern
half.
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The southwestern portion of the marine province
in the Early Jurassic was tranaitlonal to a subsiding
trough or basin that lay farther west and accumulated
large volumea of voleanogenic materlal. Indeed, the
evolution of lhe carly Mesozoic marine province
providen a record of the sudden creation of a basin
marginal to the continent, {ta translormatlion through
lithospheric cooling to a continental shelf-like
regime, and the generation of a new marginal trough
west of the accreted lithosphere.

Mid-Juraasic orogeny severely maasaged the
earlier marine province but probably had little to
do with the inherent origin and evolution of the
province. Rather, the orogeny seems more likely to
have been related to reorganization of convergence
at the new continental margin.’

PLATE: TECTONIC MODELS

Figure 3 illustrates a plate kinematic model
which accounts for much of the evolution of the
western marine province of the Great Basin and for
certain other continental margin features. The
kinematic constraints employed in the model are:

1) relative motion between late Paleozoic volcanic
arc and continental margin at the time of collision
was near-normal to the trend of the margin in central
Nevada (Speed, 1977a); the suture has probably been
rotated since collision, and the initial straightness
and orientation are compliant parameters; northwest-

"erly relative velocity is reasonable if the suture

was initially straight, but more westerly if the
suture has been little deformed.

2) the large width and lateral extent of the
Jurassic phase of the Sierra batholith (Kistler,
1974) implies that Jurassic convergence was nearly
normal to the trend of the plutonic mass (N25W) in
California and parts south.

3) a component of right slip existed together with
a large closing component during mid-Jurassic con-
vergence at a boundary in or near the western Sierra
Nevada; strong compression of Lower and Middle (?)
Jurassic rocks in the Ritter pendant (Kistler, this
vol.) was ascertained by Tobisch and Fiske (1977),
and flattening of Jurassic strata in a N70CE direc-
tion exists in the southern region of the marine
province; right slip is suggested by the configura-
tion of the Early Triassic suture and continental
margin as defiped by the 0.706 strontium isotopic

_contour in the southern part of the marine province,

a3suming these trend lines were initially straighter
as first argued by Albers (1967) and Stewart and
others (1968); mid-Jurassic right slip may also be
indicated by geometric analyases of deformed Mesozoic
rocks In the weastern Slerra (Wetzel and Nokelberg,
1976) and by the possible north-westerly trend of
the spreading center that created the mid-Jurassic
Coast Range ophiolite (Hopson and others, 1974).

The models of Figure 3 assume a smooth transi-
tion in relative velocity from a north-westerly
Permian direction to a north-northeast one in Middle
Jurassic times.

Figure 3a shows a Late Paleozoic volcanic are
migrating southeast in the Permian and overriding
ocean floor. The late Paleozoic volcanic rocks lie
above earlier arc-related volcanic rocks and the
lower Paleozoic Shoo-Fly Formation that are now
exposed in the northern Sierra Nevada (D'Allura and
others, 1977). Southwest of the volcanic arc was a
plate boundary with slight convergence which had
caused accretion of trench accumulations (the
Calaveras Formation east of the Melones Fault;



Srehmel ket aLhera, 1977) apatnat and under Lhe
are pedental.,  Midgration of subduchinn wone below
Lhe Calaveran atlowed Permian (259 my, Morgan and
SLern, 1977) plutonism of the voleanic are to affect
the Calaveran as well as rocka of the arc padeatal.
The plate southwest of the volcanic arc was presum-
ably of chiefly oceanic character.

Figure 3b shows an assumedly straight Early
Triagssic colliasion boundary between volecanic arc and
continent east of what is now the Melones fault.

The accretionary arc of late Paleozoic ocean floor
sediment propelled by the migrating volecanic arc

lies on and was probably extruded over the continen-
tal shelf edge. A new convergent boundary developed
about this time northwest of the area of Fig. 3 and
the newly-defunct volcanic arc became welded to the
continental margin, subsided, and created a successor
Early Mesozoic marine province.

I speculate that the plate southwest of the
late Paleozoic volcanic arc found means of detaching
a fragment of the North American continent while
maintaining essentially constant relative velocity.
The new boundary is shown to be a transform fault
with convergent motion taken up at an unknown loca-
tion far to the southeast. This contrived boundary
accounts for the oblique truncation of the continent
first documented by Hamilton and Myers (1966); it
accords with one of the truncation models of
Burchfiel and Davis (1972), parallels the locus in
the crestal Sierra Nevada of the 0.706 strontium
isotopic line of Kistler (1974), and provides one
means of explaining the major left lateral offset in
Precambr;an terranes of the Mojave region (Silver
and Anderson, 1974). I agree with Schweikert (1976)
(see also Kistler, this vol.) that the present
Melones fault is the best candidate for the trunca-
tion surface.

By about 220-215 mybp (Ladinian-Karnian), rela-
tive velocity of the continent (and its accreted
late Paleozoic arc in northwestern Nevada) rotated
enough that the previous strike slip boundary had
enough convergence to cause major magmatism (Fig.
3c). Zones of largely marine and largely subaerial
volcanism were separated approximately at the Paleo-
zolc continental margin because the substrata of
those two zones had such disparate thermal, hence
subsidence, histories in earlier Triassic time. The
Late (and Middle?) Triassic volcanism shown in Figure
3c was the product of .the first continental arc
developed in the southern cordillera.

To account for the waning of Late Triassic
‘volcanism and the apparent accumulation of thick
voleanogenic strata in a subsiding trough in Early
and Middle Jurassic time, I postulate (Fig. 3d) that
the convergent boundary migrated west relative of
its early Late Triassic position. The migration may
have been caused by the further rotation of the.
relative velocity between continent and subducting
plate to an orientation nearly normal to the earlier
boundary and by accretion of various Jurassic arcs
(Schweikert and Cowan, 1975). Thus, the Melones
fault may have been abandoned at this time. A sub-
siding trough developed 'in back of the Early Jurassic
arc, and caused deposition of rocks of the Ritter
pendant, Sailor Canyon Formation, part of the Mt.
Jura sequence, and the westernmost beds of western
marine province of the Great Basin. The rest of the
province was either emergent or a marine platform.

Figure 3e shows continuing rotation of the
relative velocity to a north-northeasterly orienta-
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‘tive to the plate boundary.

Lion ann o aonna of elghb-obl Lgue convarganes rela-
Figure 3e indicates

mn jor cloasure of tha back-are trough and right
lateral drag together with major shortening of
features in the Great Basin in a direction normal to
the convergen!. component. Diacrete right slip offsot
may have occurred on many faults in a zone which

lies within the present Sierra Nevada. Thrusts in
the Great Baain allowed rocks of the basinal and
voleanic terranes to squeeze out over the shelf of
the marine province to accommodate the shortening.
Albers' (1967) sigmoidal bends were created by such
tectonics. The Sierra foothills belt east of the
Melones .fault contains rocks that were originally
contiguous with the substratum of the marine province
of the Great Basin. Such rocks moved north relative
to their Triassic position during Jurassic plutonism
by virtue of the postulated right slip component of
relative motion in Middle Jurassic and probably later
times. The foothills belt may also have moved rela-
tively west due to insertion of the plutonic belt.
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ABSTRACT 1

Energy Research in the College of Engineering, University of
Utah

Dr. M. Taylof Abegg, Director, University of Utah Research
Institute ‘

A description of the grants and projects on energy research
currently funded in the College of Engineering will be presented.
Proposals submitted but not yet funded, along with anticipated
proposals, will also be described.

The mechanism for handling contacts which cannot be accommodated
within academic departments will be discussed.

Other energy related research 1s underway in the College of
Mines and Mineral Industries and is a subject of a separate
presentation by Dr. Larry. Anderson.



ABSTRACT 2

Prof. Edward Allen

Utah State University

Abstract

Utah Stéte University, Logan, Utah, 1s pursulng a vigorous program

of energy research in four areas:

1) We are helping Utah's local governments devélop a more adegquate
response to the special management problems arising from the
energy crisis (funding by the U.S. Department.of Agriculture).

2) In association with the Federation of Ro;ky Mountain States
and others 1n the reglon, we are studyling the feasibility of
developing a more unified reglon-wide pollcy response to the
demands upon the region's energy resources (funding by the

" Rockefeller Foundation). |

3) In éddition, we are pursuing a number of technical projects
including: optimizing the design of solar flate plate collectors
and of solar energy storage devices, generation of methane from
anlmal waste and 1ts use in automoblles, design of solar crop -
driers, and measurements'on combustion gases.

4) The Institute for Sociloscience Research on Natural Resources
at Utah State University 1s.1nvest1gat1ng the socioeconomic

impact of various energy problems on the region.

February 8, 1974



ABSTRACT 3

Energy Research in the College of Mines and Mineral Industries,
University of Utah

Dr. Larry Anderson, Assoclate Professor, Department of Fuels

Engineering.

Energy research in the College of Mines and Mineral Industries

1s now funded and active 1n the general areas of coal conversion,
mining, geothermal resources, and basic research. The major

areas of present effort will be discussed as well as probosals
that have been subm;tted but not yet funded. Anticipated research
on energy willl also be outlined.



ABSTRACT 4

Abstract

A review of the Los Alamos Sclentific Laboratory's programs
to find new ways to alleviate the energy shortage will be
presented. Long-term solutions such-as LASL's extensive
program 1in Controlled Thermonuclear Research wlll be discussed
as well as shorter-term solutions such as dry-rock geothermal
energy., rock melting drills, superconducting power trans-
mission lines, superconducting magnetlc energy storage, and the
use of solar energy for heating and cooling of bulldings.



ABSTRACT 5

. A WIND ENERGY CONVERSION SYSTEM
BASED ON THE TRACKED VEHICLE-ATRFOIL CONCEPT

R. E. Powe, H. W. Townes, D. d. Blackketter

This paper describes a program for determiﬁing the feasibility of
using a car-airfoil system for extracting'energy from the wind and con-
verting this energy to electrical enmergy. This system 1s expected to
consist basically of a ;ontinuoua sttiné of cars travelliné around a
track consisting of two long parallel sections with turns at the ends.
Mounted on each car would be several airfoils. The orientation of these
airfoils relative to the wind direction wouid be automatically controlled
so that a maximum amount of power could be extracted from the wind on
both parallel track sections, regardless of wind direction. The power
from the airfoils would be converted to electrical power by generators
" attached ﬁo the car axles, and then removed from the system by a slide
rall arrangement. It is reasonable to expect that such a system is more
feasible now than at any time in the past because of relatively recent
developments 1in aerodynamics, solid state electroﬁics, and process con-
trol, developments which haQe not previously been applied to wind‘gower
-devices.

An assessment of the technical feasibility of utilizing this parti-
cular momentum interchange device fpr‘convetaion of wind energy to mechan-.
ical energy is currently being made'through support of the Research Applied.

to National Needs (RANN) Program of the National Science Foundation. Using
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a systems approach to design, the sfstem has been subdivided into four
major components: a;rfoil aerodynamics, airfoil structure, carriage,
and track. At least two alternative designs are being considered for
each of these major components. A computer program has been developed
for'simulating the entire system while incorporating any of the alter-
nativé-designs fbr the major éystem components. Using this program,
the system operation can be simulated at any desired location for which
wind speed and direction data are available.

Progress to date has indicated that this pattichlar system has
significant potentiai for extracting large quantities of energy from
ché wind. It 1s anticipated that a typical capacity of such a system
would be 10 to 20 megawatts. Thus, this system is more likely to be -
useful in a central station role, whereas the conventional windmill
will probably be more useful in a somewhat individualized applic;tion.

" This paper presents some of the specific alternative .designs for
the major system components, as well as power output estimates for
operation of the system at a specific geographic location. Comparisons

are made between this system and windmill type conversion systems.




ABSTRACT 7

TITLE: The "Hydrogen Energy'" Concept

BY: Dr. Kenneth E, Cox
Associate Professor
Chemical and Nuclear Engineering
University of New Mexico

Alvuquerque, New Mexico

ABSTRACT

Hydrogen, produced from water by relatively inexhaustible nonfossil energy
sources (e.g., solar, nuclear), can be a promising, pollution-free energy
medium to supply the world's future energy requirements, Although hydrogen
production itself consumes energy, the advantages of distributing a gaseous
or liquid energy carrier as well as the storage possibilities makes the hydrogen
system attractive.

‘Production of hydrogen from water using a thermal energy source may be accom=
plished at high efficiencies by a multi-step closed-cycle thermochemical
decomposiﬁion process, Electrolysis of water to obtain hydrogen, however,
suffers from energy conversion inefficiencies,

With transmission, storage and distribution techniques already developed for
natural gas --- as well as innovative techniques to be developed =<= hydrogen
makes an excellent fuel that is compatible with most of today's end uses,
Thus it can be used as a replacement for today's fossil fuels that are
becoming in short supply. Finally, as the product of combustion is mainly
water, hydrogen offers significant environmental benefits, h




ABSTRACT 8

AN OVERVIEW OF U. S. BUREAU OF MINES
AND OFFICE OF COAL RESEARCH
ENERGY RELATED PROGRAMS
ABSTRACT

By

James I. Craig
Liaison Officer - New Mexlico
U. S. Bureau of Mlnes

The U. S. Bureau of Mines and Office of Coal Research
have a wide range of programs designed to contribute
to the effective utillzation of our country's natural
mineral and fuel resources in the best interest of

the nation's soclal, economic, and security require-
ments. To meet these problems, the Bureau and the
Office of Coal Research are pursulng a course to better
insure that our fuel needs are adequately.provided for
and to minimize and alleviate the deleterious effects .
to the environment caused by current processing and
disposal practices.

Research has been financed for the most part by direct
appropriation from the Congress. However, a good
portion of the projects represent work requested and

" pald for through cooperative agreements between the
Government agencies and the requesting organization.

The two agencies combined represent approximately 435
on-going research projects which are currently funded
by approximately $250 million. These projects cover

a variety of energy production and conservation. Many
projects relate to research in already known areas,
while others are delving into fields which until the
present had been considered noneconomic.



ABSTRACT 9

RESEARCH PROGRAM OF LARAMIE ENERGY RESEARCH CENTER
U.S. BUREAU OF MINES

by

Gerald U. Dinneen

ABSTRACT

The Laramie Energy Research Center conducts research programs
to help assure an adequate supply of petroleum, to improve the effi-
ciency of recovery and use of this material, to encourage the exploi-
tation of oil shale as a supplementarf source of energy for economic
development and national security, and to develop techniques'for the
underground gasification of coal. Petroleum research projects are
concerned with in situ methods of recovering oil from tar sands,
evaluation of the tar and oil, characterization of high-boiling pe-
t#oleum distillates, and examination of asphalt. Oil-shale projects
are concerned with the occurrence and characterization of oil shale;
recovery of oil from it, particularly by in situ techniques; and the
evaluation and utilization of shale oil. The underground coal gas-
ification project is concerned with the production of low Btu gas by
d;rect combustion with air. These projects are conducted at the main
research center facility in Laramie, a pilot scale retorting\sité a
short distance north of Laramie, and two field sites--one for in situ
oil-ehaie experiments near Rock Springs, Wyoming and one for coal

gasification experiments near Hanna, Wyoming.
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NCAR's AEROSUDL AND CLIMATE
PROJECTS AND THE ENERGY CRISIS

by
Ronald L. Drake

Abstract

As increased coal burning, oll shale mining and open mining
operations are employed to help provide needed energy, it is
important to assess the impact of such operations on the
quality of the alr locally and regionally, and to determine the
long-term effects on global climate. If clean air standards are
to be compromised, 1t will be important to understand the effect
on alr quality for a given level of compromise. Much of the
work of NCAR's Aerosol and Climate Projects are specifically
related to the evaluation.



ABSTRACT 11

Energy Research at the University of Arizona
Emphasis will be on the followlng:
Summary ofnthe Energy Inquiry panel and workshop
discussion of the meeting sponsored by the
. Amerlcan Assoclation for the Advancement of
Science, held here on January 18, 1974.
Activities of the Energy Economlics Research Committee.
Survey of other energy research on campus.

Project Power,
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. Fusion-Plasma Confinement fn Topologically
Stable Hydromagnetic Equilibria

John H. Gardner and Robert W. Bass
Brigham Young University

Abstract

An extensive study of the topological features of hydromagnetic equili-
bria has led to the discovery of a class of magnetic confinement arrangements
which ‘possesses the property of topological or structural stability. A
device for confining high temperature plasmas using one of these confinement
arrangements is immune to magnetic interchange instabilities and to magnetic
braiding. When analyzed on the basis of the energy principle it proves to
be an optimal toroidal magnetic well.

Brigham Young University is undertaking to develop a computer simulation
of this unique magnetic bottle with a view towards building an experimental
model which is capable of demonstrating the feasibility of the device as a
nuclear energy source.
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Abstract of Remarks Concerning Energy Research
Electrical Engineering Department
Universlity of polorado

Energy-oriented research in electrical engineering at the University

of Colorado can be divided into three primary categories:

1..

Transportation. Work has been Iin progress at the undergraduate level
for the last two years In the evaluation of battery-operated propulsion
equipment for private automoblles and In the development of a hybrid
propane-electric vehicle. An operational battery-powered vehicle has
been undergoing efficlency and operational tests during this period and
the hybrid vehicle has operated under its own power.

Our machinery group has been looking seriously at the combination of
the linear induction motor and magnetic levitation. Although no pro-
totype vehicle has been constructed, the theoretical feaslblllty has
been evaluated.

Solar ener Research is getting under way In the form of a joint
effort Eetween our materlals and power groups to evaluate and develop
a solar house in which both heating and electrical requirements will

be partlally met from solar energy. Unlque features include the
development of a low-cost solid-state roofing material in sheet form
which can be used directly as a solar to electrical converter, and the
use of exlisting utllity sources for energy storage. This latter effort
requires close cooperative effort with the Public Service Company of
Colorado. : .

Alr Polliution Control. Our power group has been working with the Public

Service Company of Colorado on stack emission measurement studies and
the development of monitoring equipment for instack use. Graduate
students have been working on a mathematical model of the power plant

to account for trace elements in the firing and discharge streams..
Attempts are being made to correlate the low sulphur, high resistivity
fly ash characteristics and behaviour towards these trace elements and
thelr removal In scrubbers and precipitators. A separate study Is being
done on cooling pond. plume formation equations.

AN
Y
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ENERGY RELATED RESEARCH IN PROGRESS
AT THE
ARIZONA ECONOMIC )NFORMATION CENTER

-The Arizona Economic Information Center is currently engaged
in four projects related to the production and consumption of energy
in the Southwest. One, concerned primar}ly with energy production,
involves a continuation of work completed in 1971 for the Four Corners
Regional Commission. Now being done independently by the Center, it
consists principally of a more detailed examination of the role of
energy mineral resources in the economic development of the non-
metropolitan areas of the Four Corneys states.

The other three projects are concerned primarily with energy
consumption in Arizona. The first is an examination of the copper
industry as a user of energy and is being done in cooperation with
the Arizona Mining Association. The second is a study of the
impact of the current energy curtailment on travel and tourism
in Arizona and is being conducted In cooperation with a number of
private visitor industry organizations in Southern Arizona. The
third is being performed independently by the Center and consists

of a study of gasoline consumption patterns and trends in Arizona.

- George F. Leaming
Director

January 25, 1974
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" 'Enefgy in Utsh

Rodney D. Millar and Richard E. Turley

An energy study is presently being conducted by the Utah Advisory
Council on'Science and Technology. The scope of this study is'an
18 year assessment (1955 to 1973) of energy production, consumption,
and reserves in the state'of ﬁtah. |

The data being assembled will -be used to develop a total energy
"picture'’ of past aﬁd present energy flow patterns in Utah. This
"pictﬁre" is expeété¢ to be the basis for developing alternative energy
futures.fbr tﬁe state. - o -

Some of the problems encountered. in developing the data base
will be discussed along with possible solutions.. Other interesting

aspects which surface from the‘study will also be mentioned.
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OPERATION AND ECONOMIC EVALUATION OF DRY COOLING

SYSTEMS FOR POWER GENERATING PLANTS

ABSTRACT -

A means of disposing of waste heat frpm steam-electric generating
plants directly to the atmosphere is available to the utility industry as
an alter'native to either once-through cooling systems or evaporative
cooling towers. Dry cooling systems, which operate like an automobile
radiator, have been used successfully .in a number of generating plants
in Europe and in one small plant in the United States. Also, | plans are
underway to construct a 330-MW dry-cooled plant in the United States.

Two types of dry cooling systems have been developed: the indirect
system and the direct system. The indirect system historically utilizes
a direct-ﬁontact condenser at the turbine to condense the exhaust steam,
and water from the condenser is pumped to the dry tower for cooling and
recirculation to the spray jets in the condenser. In the direct syster;m,
steam is condensed in the air-cooled heat exchangers without the use of
a direct-contact condex;ser or circulating water. ..

The heat exchange characteristics of a dry cooling system are
different fram those of an evaporative cooling system, and an econom-
ically-optimum-sized dry cooling system generally would be equipped
with high-back-pressure turbine-generators which would lose a certain

amount of generating capability during hot weather.
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Recent studies of the economics of using ‘dry cooling systems with
large pressurized-water nuclear gencrating plants indicate that the
capital cost of the dry system would be more than double the capital
cost of an evaporative cooling sy'stém and that the capital cost of re-
placing generating capacity to compensate for the loss in turbine-
gener.ator capacity during hc'>t weather would add an additional capital
cost to the dry system.

A computer program has been developed to determine the econom-
ically optimum dry cooling system, taking into account annual capital
costs, total plant fuel costs, cost of cooling system auxiliary power,
operation and maintenance costs, cost of replacing generating capacity
lost during hot weather and other costs influenced by the cooling system.

In a recent study, the increase in bus-bar electrical energy cost
fc;r' a large nuclear generating plant using dry cooling as compared to
conventional evaporative cooling was found to be in the order of 0.9
mill per kWh, including fixed costs on capital and replacement cost of
capacity apd energy lost with the dry system during hot weather. The
increase, which is equivalent to approximately 12 percent of the bus-
bar energy cost, could possibly be offset by certain advantages of dry
cooling such as flexibility of siting, water savings, and ability to in;\tall
additional generating units at sites otherwise limited by lack of cooling

water,
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ENERGY RESEARCH AT NEW MEXICO STATE UNIVERSITY
BY
ROBERT L. SAN MARTIN

This University, in its commitment to serve the people of New Mexico,
has a long history of conducting energy research. Every College, the
Physical Science Laboratory, and the Water Resources Research Institute
are actively involved in energy research.

Some of the current projects include the assessment of the environmen-
tal impact caused by the removal of mineral and fossil fuel; the assessment
of stratigraphic problems in sections that produce natural gas, studies of
the production of hydrogen gas by a continuous catalytic process; studies
of the production of hydrogen gas by solar powered high temperature chemical
dissociation methods, the assessment of water supplies in New Mexico as they
relate to the development of alternate energy sources, and the assessment of
the electric utility resources of the state. In the agricultural areas,
studies are being conducted on minimum tillage programs, double cropping
methods, drip and trickle irrigation methods, and the development of greater
crop ylelds. All of these methods result in energy savings and develop the
basic criteria needed for the assessment of the most energy conserving methods
which can be used in growing crops. .

The University's Blue Mesa Observatory currently has part of its elec-
trical needs supplied by wind power and studies are currently being under-
taken to increase the electrical production to make the site self-sufficient
and to provide for solar heating of the facilities. 1In other areas 6f Qolar
energy application research is being conducted on concentrating and non-con-
centrating solar collectors, the development of solar residences, the develop-
ment of solar air conditioning schemes, the development of a "solar turf"
collector, and the integration of greenhouses with!solar collection methods.

The University hopes that it will be able to begin construction this
summer of two major solar heated and cooled buildings. One will be a 19,000
square foot structure to house the offices and laboratories of the State
Department of Agriqulture. The other is a solar demonstratibn home which-
would be used to test and assess the advantages of solar utilization methods

in a typical New Mexico climate.



ABSTRACT 20 (conT.)

, \
The faculty of the University, in support of the Governor’s‘Energy Task
Force, are preparing several position papers on energy related matters which
include the assessment of solar energy, wind énergy, direct energy conversion
methods, the production of synthetic liquid fuels from coal and the societal
needs and demands which will reéult from energy development as well as from
energy shortages. These topics will be studied and evaluated with respect to

their impact on the State of New Mexico.
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ENERGY -RELATED PROGRAMS AT SANDIA LABORATORIES

A. Narath
Vice President
Sandia Laboratories

ABSTRACT

A major fraction of Sandia Laboratories' energy-related efforts
are concentrated in five areas. These include (1) Nuclear Fuel Cycle
Safety and Security, (2) Solar Energy, (3) Non-Nuclear In Situ
Recovery of 0il from Shale, (4) Pulsed Fusion, and (5) Advanced
Drilling Technology. Lesser efforts are also beilng devoted to other
areas -- Conservation Technologj, Hydrogen Economy, Improving Combustion
Efficlency in Automotive Engines, and Energy System Studies. The pro-
posed approaches and objectives in each of these areas will be briefly

describved.
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PROPOSED COLORADO ENERGY AND MINERAL INSTITUTE

Abstract

The best interests of the people of Colorado and the Nation for wise develop~
ment of the State's energy and mineral resources can be served effectively by
establishing a Colorado Energy and Mineral Institute with the goals (1) to con-
tribute significantly to alleviating and eliminating State, regional, and national
energy and mineral shortages in a way which will safeguard the development of
the State's natural resources, and (2) to further the education and training
of present and future Colorado citizens for lifetime service in the production
and utilization of her natural resources.

The best interests of the State may not coincide precisely with the national
interests in gome cases. Therefore, policy-making and legislative considerations
as well as technical programs muat be igtegral to the work of the Institute to '
provide input for complementary State and Federal decisions. B

This Institute should place Colorado in a position of national energy and
mineral development leadership. Other states, Federal agencies, and industry
will certainly turn to an institute of this type for help as it gains experience
and stature, This will strengthen Colorado's ability to maintain a strong voice
in the devélopment of its resgources.

To achieve the stated goals, it 1s proposed that the Institute have three
major areas of responsibility: (1) enhancement of the coordination and interaction
between State government, university, and industry energy and mineral development
efforts, (2) development of technical and policy research program;,'particularly
directed toward problems of energy and mineral exploration, development, and
production in the State of Colorado and the Rocky Mountain region, and (3) support
of education programs to develop engineers, scientists, and skilled workers who
will be needed in the expanding energy and mineral industry sector oé~Calorado's
economy go that Colorado citizens may benefit to the fullest degrée from develop-
ment of its resources.

The Ingtitute is seen as being an organization with initial emphasis on
energy and energy-related minerals an& longer term emphasis on both energy and
minerals. The first year funding objective {s $2,000,000 from a combination of
State, Federal, and industry fund sources. First year étate funding for operat-
ing 1s requested to be $980,000. :

e e e A e e
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MEMORANDUM

from Larry L. Anderson.

Attached are my notes from the meeting in Albuquerque on "Energy.Research
in the Rocky Mountain States". The notes are my own and are only as accurate
as my memory and:-note -taking were at the time of thke meeting. No publication
will result from the meeting but several speakers gave information on.where
related or additional information could be obtained. Since the meeting I have
received a-rough draft of "Activities of Q Division, The Energy-Division at
the Los Alamos Scientific Laborateory" from Ed Hamel. A copy of the final
report will be sent to me upon pubTication. Copies of reports on hydrogen.as
a fuel can be obtained by writing for Vol. I and/or Vol. II of "A Hydrogenergy
Carrier", Summary (1973) NASA-ASEE, Johnson Space Cénter - Rice University.
The copies may be ordered from Dr.. John Howell, University of ‘Houston,
Mechanical Engineering Dept., Houston, Texas 77004. -

Notes are not given on the reports delivered by Dr. Abegg or myself.from:
the University of Utah. In order to make these notes complete outlines of
these reports. follow.

Dr. M. T. Abegq

Energy Research in the College of Engineering - University of Utah

Aréas.of-research‘in‘energy; either in progress or proposed, fall into
the three general categories.

1. Technology related to existing resources

2. Basic science of these resources

3. Total systems studies including technology and societal problems.

The current ‘research on energy at the University of Utah was indicated to
be $1.1 million. New proposals submitted but not yet funded amount to $7.7
million or approximately $2.63 million/year.

Some proposals which have béen submitted are from the Engineering Experi-
ment ‘Station. Two of these were discussed:-

Communication of Environmental Information

Background Concentration of Particulates




L. L. Anderson

Energy Research in the College of Mines and Mineral Industries - Univer-
sity of Utah.

Major research areas in the College are:

I. Conversion of Coal to Liquids and Gases (This includes catalysis,
characterization of products, gas synthesis, solvent extraction and
process development) '

II. In situ Recovery of Coal by Solution Mining
III. Desulfurization of Coal and Coal-Derived Products
IV. Refining and Processing of Coal-Derived Liquids

V. Application of Geological and Geophysical Methods -to DiscoVery of

0i1 and Gas Deposits (Both at great depths and offshore)
VI. Detection, Delineation and Economic Evaluation of Geothermal Energy
Resources.
This includes development of exploration architecture and
actual exploration of geothermal resources.
VII. Availability of Water Supplies for Coal Gasification and Liquefaction

The effort in the College of Mines is currently funded at slightly more
than $700,000/year. Over $2 million/year has been proposed in proposals
submitted but not yet funded.




THE ROCKY MOUNTAIN SCIENCE COUNCIL
"Energy Research in the Rocky Mountain States"
Albuquerque, New Mexico
Notes by L. L. ANDERSON
The purpose of the symposium was to provide an overview of energy research
in the Rocky Mountain Area.

Thursday, Feb. 14 Session Chairman - R, S. Claassen, Director
Sandia Laboratories

Senator Joseph M. Montqu - (Sr. Senator, N. Mexico)

We use more energy for air conditioning in the U. S. than China uses for all
purposes.

Chase Manhattan Bank predicts we must put up $400 x 109 in the next 10 years
for energy development,

Three E's Energy, Environment, Economy - are interrelated and must be con-
sidered simultaneously.

Where is the blame? Government has failed to provide proper leadership.
Industry has failed to be totally honest. Scientists and Engineers haven't explained
sufficiently the problems, solutions and implications to others besides the con-
gressional committees in the national congress and other scientists.

One of the problems.today is the fragmentation of Government involvement in
Energy. At present, the USBM, Transportation, EPA, FEQ, Commerée, Treasury,
FPC, AEC, and many others. (25 Depts. in 17 different agencies in the Government
are studying the energy picture).

Responsibility of scientists is to explain to the public in terms they can
understand what the problems and choice of solutions are.

Senatqr Pete V. meenici - (Jr. Senator, N. Mexico)

"National Energy R & D Thrusts and Related Legislation"
National energy R & D program will be established in the U. S. presently.

Proposals-will have to be made for a logical step by step development for research
efforts.

Frank C. Diluzio - (Sc. Adv. to Governor of N. Mexico)

"Petroleum Crisis" more accurate thanh "Energy Ciisis" 32 states which pro-
duce energy. (N. M. 10th inZ coal reserves) (anhydrous NH3 tripled in price
in last 40 or 50 days, critically needed in Western states):



J. 1. Craig - USBM

Voluntary reduction of gasoline consumption in the U.S. has been significant.
Dec. 16%, January 12%.

Exploration peak ‘for crude oil was in 1966. Production peak for crude 0il
was in 1970.

Nuclear power.is presently less than 1% of E energy. Nuclear projeétion:.
possibly 10% by 1985.

Importing of petroleum

In four years - imports grew from 14% to 39% (1969-1973).
Project - Independence

Research in B of Mines
E¥pend1tures
1979 $23 972 x 10

1975 $32.9 x 108
requested

President's budget shows 137 x 106

Mining Research
Metallurgy
Energy - Bartlesville, MERC, PERC, Laramie, San Francisco
394 projects funded in the energy area - '$140,023
Example - Citrate process for SO2
(KeTlog, Idaho)
Underground gasification - Laramie
MHD - can use coals with up to 4.0% S.
Insitu retorting of 0il shale
CH4 Drainage of Coal Mines
36" hole in coal in West Virginia - present output 900,000 ft
CH4/day without, pumping.

Removal .of CH, from exhausts of coal mines - up to ~ 0.75% CH4
This CH4 c é be s1gn1f1cant since in many mines up to
500,000 'ft /m1nute air is exhausted.
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Projects for synthetic oil and gas from coal include: Synthoil - PERC
Synthane - also at PERC

OCR
T 1972 - $260 x 10 (reseagch in progress)
1974 (Budget) $143 x 10 ~

Work with AGA in development of gas1f1cat1on -0f coal. In this program the
Government will fund 2/3 of the cost with 1/3 coming from industry.

$283.4 x 10 President's budget request



. Projects
Pipeline quality gas

HYGAS Process - a form of Lurgi gasification $34 x 10 spent so far
on this pilot plant (capacity 15 tons/hr.)

Low Btu -gas

MHD

Fluidized Bed

Supporting projects for power generat1on
Low-Sulfur Liquids from Coal _

Other supporting projects
There are 41 projects now belng supported by OCR

W. J. Hanna - (U of Colorado) [Engineering]

Power (Electrical) Engineering
Mission - Student Excitement
Research

Electric Power
Transportation Eardley
(Battery Operated Cdr - Renault)
Air Qua11ty Control
particulates
Gas preg1p1tators
Lightning Research
Solar Energy (Frank Shreath)
Mostly spherical reflecting m1rrors etc.
Household application”
Wind power

Dr. A. T. Whatley - (Western Interstate Nuclear ﬁdard). (12 states)

Present budget corresponds to about $10,000 per state.

Mission - Provide information to state governments on nuclear.energy
development

Ed F. Hammel (Los Alamos Scientific Labs)

Energy R &‘D-
Time scale Areas
Short term (present - 1985)
Intermediate (1985-2000) Sources.
Long term 2000+ UtiTization
‘ Efficiency (conservation)
Considerable planning on fusion R & D Non-technical

Balance of payments
Patent policies
Regulations
Lisences



Major Effort:@® LASL is in.Fusion

Pulsed -high 8, 6 pinch machine

100 x 106“C, confining pressure, purity, time of .confinement also
necessary.

- Geometric shape found most suitable is a torus.

LASL now working with a Toroidal sector (5 meters long) with a
10 M joule magnetic field strength

Laser fusion
Another way to carry on fusion reactions is by laser initiation.

A solid Deuteruim-Tritium pellet undergoes oblation and implosion
to initiate the fusion reaction.

Geotherma} Re§ourges

4 pronged attack and support. from studies
Geoscience

1. geothermal - hot dried rock
2. Chemical fracturing

3. Hydraulic fracturing

4. Subterrene program

Types of -resources

Dry steam
Wet steam
Hot Bine
Dry Rock i

For example the cooling by 200°C of 40 cubic miles of rock would have

’ provided enough E for the country's needs in 1970.

3. Hydraulic fracturing
Theory At ~ 15,000 ft. depth T temperature is about 300°C. The problem

is to dr111 down and then initally crack the rock perpend1cu1ar to
the drillhole axis by hydraulic fracturing. Cold water is then
piped down and hot water and steam brought back to the surface

for power. One of the problems is that about 2500 tons/day of Si0
would be dissolved in the water that would be circulated., This
silica would have to be disposed of.
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Fie]dnggperiments

First hgTe successful in fracturing. Next.step will spend about-
$3 x 10° this year.

4, Subterrene: -
Drilling by.melting the rock without rotation ‘(penetration)

This drilling technique .works in rock where o
(actually the liquid cools to a glass
lining on ﬁhe wall of the hole)

!

11q rock.” Psolid rock



A 114 mm (diameter)
Correr has been used

One consequence is that a glass wall on the s1des of the hole forms
helping to seal and support it.
Fission Reactqr Program

Liquid water reactors

AEC ‘has recently conc. on LMFBR. Other types will now look at
othér types such as HTGR {High temperature gas reactor):

Solar Energy
Solar panels.

For example an expanded
costs about 80¢/ft

This project probably will result in a joint program with U S Steel
Corporation

Solar heating for mobf]e.home§

2meta1 solar collector expands to a pillow,

Use of superconductors for electrical transmission -

765 KV highest voltages now transmitted. If we are to handle
much greater electrical use there are two possible solutions to
greatly increased capacity.

(1) increased voltage up to n1-1.5 x 106 volts. This entails serious
safety problems and results in high losses. .

- {2) Reduce losses by using Superconductors.

Superconductors have capac1t1es of 104 to 105 times the capacity
of conventional conductors of -the same diameter.

Refrigeration stations would be necessary every.20 miles. T

of operation would be ~ 10°K.



One big advantage is that the efficiency-is about 99.6% for super-
conductors.

M Reiter - (N. Mexico Inst. of Mining and Technology)

Regional Geothermal Analysis in SW U.S.
Gradient found in NE N. Mexico is about 30.2°C/km

Conclusion of their studies are'that there is a geothermally active
area.along the Rio Grand Rift.

When questioned about remote sensing techniques Dr..Reiter's opinion
was that ERTS & EREP were 1ikely much less reliable than direct measurements
done by NMIM 1in wells.

H. W. Campen (Aerojet Nuclear Co.)

Major area Light Water Rxtr Safety ,
Loft (Loss of fluid test) 1974-75 test on 50 MW
Power Burst Facility - Pressurized water rxtr 20 MW

Also have-activities-on research and engineering to support other
projects.

Power. rxtrs
Construction and site services

Idaho Geothermal R & D Project w/ several universities including
U of U, ID State University, Boise State College.

Jﬂ P. Rossie - R. W. Beck & Associates
Report (GPO) "Res. on Dry Cooling Towers for Power Generation"

also report (GPO) Research on Conventional and Dry Cooling Towers
in Representative Nuclear.plants

Conventional cooling towers - 15 x 106 gal H,0 used per day for a
1000 MW power plant (most of this water ¢s Tost.to the atmosphere)

Dry coolers
5 x 120 MW built in England

. 160 MW unit in operation in Spain (installed ~ 2-3 years ago)

Typical European peak periods in Winter vs. U.S. where a peak exists
in the summer-due to air conditioning optimum T found 57F.

Back pressure very important since present turbines are not designed
for high back pressures.

F. J. Stermole - Proposed (Energy Research Institute at Colorado School
"~ of Mines)

Goals - contribute to mineral and energy supply problems.(research)
Education-and training of people in energy related fields (both the.
public and students)




First year budget proposed - $985,000
Budget includes $250,000 for scholarship programs
Research -  Technical

Economical

Environmental

Policy research
Legal, regulatory, etc.

These people visualize the Res. Institute to become regional in
nature.

Ralph Powe - (Montana State University) Wind Energy Conversion

Historical - Windmills
Largest - Burma 85 ft. in diameter
The tower was about.100 ft. high
The capacity was 1250 kw - failed due to stresses in
the structure.

In Montana a few years ago an idea was.proposed by a rancher -

a horizontal track mi1l powered by wind. Some work has been done
to investigate the removal of the kinetic energy from the system.
Computer simulation has shown good possibility..

RANN is supporting a feasibility study on this concept.
Questions to be answered regarding location of such a facility
Avg Wind velocity

Avg wind velocity above.a certa1n value on a specified number
of days/year.

Elevated track system - take advantage of greater wind
velocities.

J. H. Gardner - (B.Y.U.)

Fusion - .Plasma confinement in topologically stable hydromagnetic
equilibria.

Structure stability of torroidal configuration
Accomplished by feed back stabilization.
Feasibility study now proposed . ...

FRIDAY SESSION - Chairman, Charles Tapp (Sandia)
Remarks - Dean Thompson (A.S.U.)
for RMSC (Chairman)



Al Narath - (Sandia)

Major Areas of Research on_Energy

I. Nuclear Fuel Cycle

Decreasing Safety and Security
level 1I. Fusion Technology
of E-Beam
funding. Advanced: Laser
Materials

ITI. Solar Energy
Commercial and Subdivision applications

IV. Shale Qil - In situ retorting

V. Drilling Program

I. Nuclear Fuel Cycle
Security and safety to acts of sabotage:
Code developments
Containment systems analysis
Transportation accident criteria
Waste management

Waste disposal
deep ocean disposal feasibility
deep rock disposal feasibility
Liquid waste conversion to high level solid waste (by
concentration).

II. Fusion Technology
Laser experiments - 4 beam

~ 200 Joule laser system has been used to bombard
Dueterated polyethylene particles

Electron beam
Accelerators - REBA
Hermes II
Need is to increase capacity of the laser beams (pulsed
electron beams)
Work. has been done on Hé, F2

Need is for a laser having at least 1000 Jdule capacity

Direct use of electron beam
Relativistic electron beam (REB)

Problems - Focusing



High energy El. beam accelerator (Ripper)

I1II. Solar Energy
Rocky mountain area in an area of high fiux (of solar energy)
Coal -~ Electric power efficiency 35%
Solar - Electric power. (T = 1000°F) " n <359
Problems can be -minimized by a total solar -energy.community.

By utilizing the waste heat to heat offices, homes, water, etc.
only about.25% of the heat is lost.

Cost ~ $4/ft2 panels (results calculated) T = 400-500°F using
focus -collectors.

This would be a competitive system. Use stored hot pressurized
fluid (H20 or other) for overnight loads.

Intend to work with utility company to develop.a solar community.

_ For impetus the design group 1s presently housed in the building
which will be solarized.

One of the big problems - public acceptince of.solar heating.-

IV. In situ Fossil Fuel Conversion and Recovery

This effort is concentrated on oil shale
Recovery
(Garret process depicted. In situ o0il shale retort)

Mining - demonstrated experience.
Crushing - demenstrated experience

Objective of Sandia is-to eliminate the mining in.the operation as
depicted in the Garret process.

V. Drilling program

Objective: reduce drilling times.and wear
By - spark drilling (physics.of rock disintegration unknown)
continuous belt drill bits - particle bombardment

R. P. Millar - (Utah State.Advisery Council on Science and Technology):
Data base:being established for consumption, production, .exploration

Sgudy on energy.will begin from 1955. At present Utah has approximately
1.2 x 107 people and the growth curve is very steep.

Natural gas usage reserves were.depicted.

!
|
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Utah production gradua]ly decreas1ng while the population is.increasing.
Therefore, the consumption is gfadually increasing (a1l of the difference
coming from Colorado and Wyoming).

Robert L. San Martin (New Mexico State University) (delivered by another NMSU

Staff member not registered at the meeting)
Projects

Agricultural efficiency enhancement methods:"
Minimum tilTage
Double cropping
Irrigation methods for-greater crop yields and reduced
water usage

.Wind Power Studies

Blue Mesa Observatory ~ 30% of the needs .are supplied by wind
power.
Solar heating - heating, air conditioning, solar turf.

Early work (~ 35 years ago)

Solar heat was utilized for melting of ice for drinking water
for cattle.

Current work -
UtiTization of solar energy.for heating and coo11ng Thru
efficient use of insulation ~ 49% reduct1on in heating
demand can be realized (1700 ft“/house).

Telescopic solar trap tested
T = 291°F achieved (max) eff. ~ 55%
Flat plate solar collectors

Heat is transferred to H,0 which is.circulated. Plastic
material is used to prevgnt reradiation.

Solar demonstration house to be built and tested (3 bgdroom
Trickle collector - using water - for the 1700 ft°/house.
The house uses a.5000 gal. tank.(25% efficiency).

Another building (probably) to be built. The proposal for
this building is now before the state legislature and prospects
are good.

This will be the largest.solar heated building in the country if
it is built.
Specifications :

19,000 -t of Tiving space with 7000 ft
35 x 10° gal tank (operating at 30 psi)

2 of collectors
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The cooling medium is,a H,0 - antifreeze solution.

The building will have 3 to 4 days storage in case of
inclement weather.

Lithium salt absorption aux. beiler for aux, system

Robert M. Lawrence - (C.S.U.) : !

Major areas of energy.research.(Direct)

A,

I. (SEAL) (Solar Energy Applications Laboratowy)
P.I. George Lof

House to be tested: 1500 th (main TeveT floor area) + basement +
2 car garage. Solar energy.will be used both for cooT1ng
and heating - 16' % 48' pahel to be used as a collector.

11, Compyter simulation te check 5 other U.S. areas to predict the

application of solar energy in other climates.

IT1. Cost benefit analysis.

F1ora‘anQ‘Fauna -
Wayne Céok - Revegetation of spent shale
Effects of oil shale mining and spent shale on hoofed
anima1 life.
Saline quality of Upper Colorado Basin water.

The researchers are-now obtaining baseline data on water quality for
later- comparison when an o1 shale industry has deve10ped

Wind Tunnel Research
Jack Cernak

Effects of mountains and-tall buildings on wind velocities and trans-
port -of pollutants:

Organic wastes
Conversion -and utilization of. an1ma1 and other 0rgan1c wastes to more
usable energy fowms

Atmospheric.Research Center
Electrical Engineering Department - Nuclear (NSF supported) separation
of U235 from Uore by lasers.
Social Science Political Science

Affect decision making processes of the exploitation of the Rocky
Mountain energy sotrces.
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Alternative tax modes VAT, severence, etc. This would include impacts of
such things -as a1coh011sm, fTuctuat1ons of community popu]at1ons, auto
accidents, water supplies, etc, due to new population centers which would
develop as a result of the development -of energy resources -in -the Rocky
Mountain area.

One answer might be to work to get- authority for a Regional agency(ies) to
influence development such as the Port of N.Y. Authority which has definite
powers in New York even though it is not a state or city government.

Future gossibijities

National development -of Products from or associated with Rocky Mountain
Enerdy resolrces.

G. U. Dinneen - (USBM - Laramie)

150 people ~ 1/2 professional at the Laramie Center located in the center
of the state, near the University of Wyoming and Laramie.

Pilot plant (PDU)
Field sites
Rock Spr1ngs
Hanna

Anvil points site is now operated by consortium of 18 companies testing
0i1 shale processing.
AREAS OF RESEARCH
I. Petroleum Research {oldest program) (~ 20% of budget)

Areas

Production

UtiTization and: Chem1stry
(A1so some conneétion with .Utah Geolog1ca1 Survey .on recovery of
o1l from tar sands).

Effort -.some research.on.in:situ processes for bituminous sands by
reverse combustion. Laboratory work se far using a reactoy

4" in diameter x 4' long to look at problems in
reverse combustion.

This work has a good ‘possibility of going into the field at
Aspha1t Ridgé or in the PR Springs ared.

Petro1equChgm1§tryl

1. Mainly looking at properties of oil from tar sands,

2. Properties of high boiling petroleum fractions.(BP. > 700°F)
This research will be discontinued. Separation of hi bp.
fractions into classes (TA, TB, ofls, etc).

Asphalt propert1es on road applicatien, .in fresh state, alteration
of propqrt1es



II.
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0i1 Shale Research Areas have been very general (m 30 years working 1in
this area) (~ 60% of -budget) .

Location of oil shale-

Exploration, Production of oil shale:
Properties of oil shale

Utilization of oil shale

0i1 Shale:

Present work. - coordination of the prototype leasing program
6 leases (2 each in Utah, Wyoming, Colorado)

Evaluation of areas of lease properties
Coring
Analysis, lithology.

Continuing work - Properties of kerogen (to be'phased out during the
- next.year)

Retorting ofTO,S:

No work ‘on.aboveground retorting
No work on mining of 0.S.

Insitu Processing Work
A. Underground rubbleized volume
Combustion
10 ton capacity
150 ton capacity 11'¢ 145' high
Studying - properties of 0il obtained
feed gas composition
grade, particle size
variation of shale properties in the combustion bed
gas pressure, mechanical pressure
transport problems

This work to be continued.

B. Fracturing in 0.S. without extensive rubbleizing. Hydraulic or
chemical -explosive. -

This work will use simulated petroleum fire f]ood1ng techniques.
Near Rock Springs, Wyoming a field test is now in progress.
Several tests have been completed.

The 9th experiment is now in progress.using hydraulic fracturing.
0i1 from oil shale properties
Reactions studied

Hydrqgenatioﬁ and oxidation to get rid of the nitrogen in -
the -0il.

Comparison of in situ oil product with that-oil produced in
above ground retorting.

Waste problem - spent shale. Above %round retorting - effects
on ground water quality. Also possible effects on ground water-

qqality of insitu processing.




III. Coal - Field Experiment on Underground gasification of sub- b1tum1nous
coal (Hanna, Wyoming) for production of:low Btu gas for Electric Power.
(+ 20%- of budget)" .

Heating value of the gas produced is 120-140 Btu/ft3 Production is from
a 30 ft seam which is about ‘400 feet deep.
The Tocation of the test 'is 3/4 of mile off the highway near Hanna.

Technique - 16 holes with fracturing in.center hole. Air is heing pumped
in and gases pumped out. The Bureau has spent about 9 months work on-
this experiment. It will end soéon since they are.reaching the Timits of
the experiment. '

Laramie Center expects to continue this work with oxygen enriched gases
for feed gas and also using horiZontal holes in coal beds.

Heimut Frank - (University of Arizona) Economist

I. Economics of Energy
II. Examples of interdisciplinary resources on energy-
ITI. Research in Science and Engineering Departments at the University of-Arizona.

IV. Energy Conservation Project proposed in Tucson.

I. Coordination of Research on Energy in different departments and with outside
agencies.,

Modeling for petroleum supply and demand in the U.S. with FEO and Interior
(Frank Alesio leaving FEO to go to EPRI in Economic Research)

Assessment of impacts on economics, pollution etc. in intermountain area
by increased energy production. -

Statistical modeling of various possibilities (Dr. Wes Taylor) of usage
patterns for energy in U.S.
For example - gasoline consumption.

Measuring of balance of payments.impact by Natural Resource Journal (pub-
Tication is available)

0i1 importing policies
Implementation of this money in.Saudi Arabia

Econemectric Model for the 48 states - tries to predict energy
consumption patterns for each state.

Capital Investment and Earnings for oil.refining and other-energy activies.
Cause for the energy crisis.

Earth Sciences Departments at the University of Arizona

Studying - - 1. Water supply-effects by gasification and ‘other conversion
processes.
2. Desulfurization of coal by roasting.
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Harold Southward - (University of New Mexico)

Energy Conservation in buildings _
Energy conversion and distribution systems - conventional
Solid waste research
Energy conversion - unconventional
Solar energy
Heating
Cooling
Solar cells - use of -collectors coupled to conventional solar cells. .

Energy Conversion - conventional
Solid Waste - combustion for heating and power generation

Energy Conversion - unconventional
Wind Power .
Direct Energy conversion
Thermoelectric.
Fuel cells, photovoltaic, MHD
Geothermal
Coal gasification - modified Lurgi Process
Insitu oil shale processing
PTow Share - Technology.assessment

Materials - This work being done in.cooperation with LASL and Sandia
Laboratories '

1. Thermal and mechanical properties of Uranium and Uranium-alloys
2. Fast neutron damage of materials for LMFBR and Fusion rxtr development.

Power R*tr $ystgms
Assessiment of future rxtrs.

System development in SW U.S. Assessment of radioactive waste disposal
methods. ‘

Hydrogen as a_Fuel,

1
H)0 = Hy + 7 0,

" This can be done by: a) electrolysis.
b) thermal dissociatien (T = 2500°K)
c) thermo-chemical HTGCRxtr (700°C)
Thermal. Hy efficiencies found 50-60%
Solar energy shortcomings (Tow concentration)
Methods of H2 generation from solar energy: .

Silicon solar cell process - Eff n 159
Vapor power cycle - Eff ~ 20%
Cost is ~ $1,0QO/KN
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Thermal-chemical process EFf ~ 30%
Cost ~ $575/KW
Storage -.large dewar at Cape Canaveral which holds A1 x 10

Minimum time estimated for hydrogen to take over 10% of ‘the energy market.
would be about 30 years if it were developed as oil and gas have '
been.

R. L. Drake - National (Non-profit) Corporation for Atm. Research (NCAR)
With about 40 members and about 500 employees (of which about.one half are-
scientific personnel)

Research Computer facility . CDC 6600-CDC 7600
Use of Computer - 50% sp11t between NCAR and University Programs
Aircraft facility - with a1rcraft and glider (also about 50-50 split
NCAR - Universities)

6
gal LH2

Global Atm. Res. Program

Research on particulates analysis
They are conducting field tests measuring :

Wind blown - soil particles. Emission of soil.particles into
the atmosphere in Death Valley, Nebraska and West Texas, plains.

Aerosol Physics
Long term effects of exposure to radioactive materials
Future research to be conducted at NCAR will include:

MESO scale flow modelling with application to transportation of
pollutants (use as national facilities).

General circulation models - CO2 from combustion-facilities, etc.
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