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' NORMALS BY CLIMATOLOGICAL DIVISIONS 
Token from "Cl imotography of the United Slates No. 81-4, Decennial Census of U. S. Cl imate" 

^e /2GA^XA 
TEMPERATURE CF) PRECIPITATION (In.) 

O J D iv i i ioQi ) 

ROItTHHEST 

MOUNT TRUMBULL 
TOUITON CANTtUI 

D IV IS ION 

N0f)TH£A$1 

ALPIN£ 

f ^ .k t i%^Kf f ¥8 AIRPOBT 

FORI VALLCV 

U N ADO 

HOLBRfK)* 

PEIHlflEO rO«E$l NP 

P I N E O A L E 

SAINI JOHNS 
SNOWFLAKE 

S P R I N M F I V I L L E 

TUBA CITY 

MILLIAM^ 
M I N S L O * *'a AiopopT 

DIVISION 

NORTH CENTRAL 

ASH FOR>^ 
CHIL0$ 
C0B0E5 
CROWN KING 
ORAKC PS 

OUGAS 2 SE 
JCRQPtf 
P»£SC(>IT TAA AP 
SELICMAN 
WALNUT CR5ER 

WALNUt fiROVE 

OIVISION 

CAST CC«TRAL 

RENO HANGER STATIOII 
ROOSEVELT 1 MNtf 
SAN CARLOS RESERVOIR 
YOUNG 

DIVISION 

SOUTHWEST 

YUMA CITRUS SlAtlON 

TUNA we AIRPORT 

, DIVISION 

StWtH CENTRAL 

ACUILA 

C A M E L B A C H 

CASA ORANOE 
CASA GRANDE RUINS It H 
FLORENCE 

GILA BENO 
GRANITE REEF DAM 
LITCHFlELO PARK 
HESA EXPERIMENT FARM 
KORMON 'l.*T 

PHOENIK INDIAN SCHOOL 
PHOENIX WB AIRPORT 
PHOENIA POST OFFICE 
PlNAL RANCH 
SACA10N 

SOUTH PHOENIX 
SUPERIOR 
TEMPE 
• I C K E N B U R G 

DIVISION 

SOUTHEAST 

AJO 
APACHE POWDER COMPAMT 
BENSON 
BISBEE 
CANELO 1 NW 

CLIFTON 
DOUGLAS SMELTER 
EAGLE iBEEi; 
ELGIN 9 N 
FAIRBANK 

PATAGONIA 

RUCKCfl CANVON 

SAFFO«0 
SAN RAFAEL RANCH 
SANTA RITA E X P R A N G E 

STEPHENS RANCH 

TOMBSTONE 
TUCSON UNIV OF ARIIONA 
TUCSON WB AIRPORT ( 

1 1 . 3 
2 A . 9 
2 T . 9 

2 9 . 6 
2 7 . 2 
9 2 . 6 

4 1 . 2 
3 7 . 1 

AO.O 

i l . ) 

3 0 . 0 

» 0 . 1 

S 3 . 0 

SSIT 

S3.fr 

S l . B 
A * . 9 

A A . 2 

* T ! » 

AB.B 

« 9 l 8 

D IV IS ION 

AS.6 

« l . T 

»2 .A 
S 3 . 6 

» 9 . 9 

5 9 . 0 

6 2 . 4 

6 0 . 3 
S 8 . 9 
6 1 . 1 

SB.9 

6 0 . 6 

SB.9 

5 9 . 0 

5 A . 3 

» 4 . e 

4 3 * 3 
4 0 . 6 
4 7 . 0 

6 B . 1 

6 7 ^ 4 

7 0 . 0 

6 B . I 
6 6 . 2 
6 9 . 9 

6 6 . 9 

6 S . I 

6 6 , 3 

6 6 . a 

6 2 . T 

&2J4 

Maj r J u n * Jul^r 

> 0 . « 
4 7 . 4 
SS,4 

* s . 
6 1 . 3 

6 S . 0 
70 

7 7 . 8 
7 6 . 5 
7 9 . 6 

7 6 . 1 

TSIO 

7 7 , T 

76^0 
7 4 . 0 
70 .1 

7 4 . 9 

7 6 . 0 

73^6 

7 4 . 6 

TO.O 

69^9 

5 9 . 9 
5 9 . 9 
6 4 . 3 

7 1 . 5 
7 0 ' > 

8 6 . 3 
8 9 . 9 
8 7 . 2 

8 9 . 1 

8)la 

B 6 . 3 

8 4 ! 6 
8 2 . 5 
8 6 . 8 

8 3 . 6 
8 6 . 2 

8 3 . 6 

8 4 . 4 

B I I T 

8 3 . 2 

8 0 . 3 

6 9 . 9 
6 2 . 9 
7 0 . 7 

8 2 . 8 
8 1 . 6 

9 1 . 1 

90^2 

9 3 . 2 

9 l i l 
BO.9 
9 2 - 2 

8 9 . 5 

9 0 . 7 

8 8 . 8 

8 8 . 0 

9 1 . 6 

8 8 . 9 
8 6 . 8 
8 9 . 6 

BT IS 

89 .S 

8 7 . 3 

8 8 . 7 

Bbia 

8 7 , 5 

8 2 . 2 

7TIO 

9 8 . 9 
9 9 * 4 

6 2 . 0 

8 9 . 6 
8 5 . 8 
8 8 . 1 

8 3 . 9 

8 6 . 2 

83^7 
8 1 . 9 
8 6 . 1 

8 2 . 6 

8 4 . 0 

8 U 9 

8 2 . 8 

7 7 . 1 

7 9 ! 6 

4 1 . 0 
4 4 . 9 
9 1 . 0 

6 2 . 9 9 0 . 9 

7 3 . 9 
7 4 . 1 
7 6 . 3 

7 1 . 7 

72^4 

7 4 . 6 

7 I I T 
7 0 . T 
7 5 . 2 

TO.B 

7 2 . 4 

70^3 

7 1 . 2 

B 5 . 1 BO.T 7 0 . ) 9 6 . 3 
' * - 7 5 . 2 • • - - - -

3 6 . 1 
3 4 . 1 
3 7 . J 

5 0 . 7 
9 2 . 6 

3 0 . 4 
2 8 . 2 
2 9 . 9 

9 3 . 1 
9 9 . 3 
9 7 . 0 

9 8 . 9 

9 9 , 8 

6 0 . 9 

5 8 . 9 5 2 . 6 
5 8 . 1 5 1 . 6 
6 2 , 5 9 5 . 5 

5 1 . 8 

9 3 . 4 

5 4 . 9 

9 7 . 3 

9 9 , 9 

97N 

5S.4 

5 0 . 7 

5 1 . 9 

5 1 . 9 

9 2 . 1 

4 8 . 9 
4 6 . 9 

4 9 . a 

9 0 . 2 

4 9 . 6 
4 3 . 0 
4 8 . 7 

7 0 . 1 
6 8 . 9 
T Z . l 

6 9 . 0 
7 1 . 6 

6 8 . 7 

6 4 . 1 

64I1 

1 . 1 5 

t . O l 

1 .60 
1 . 6 t 
1 .83 

1 . 5 2 
1 . 6 4 
1 . 0 1 

1 . 6 1 

1 .43 

1 .90 
1.98 
2 .0T 

. 7 6 
2 . 9 9 

.aa 

1 . 1 9 
1.B6 
1 .92 
2 . 8 1 
1 .49 

1 .96 
1.77 
l . O B 
1 . 0 0 
1 . 6 1 

1 .96 

2 . 0 8 
1 .70 
1 .38 
1 .92 

1 . 5 4 
1 . 9 2 
1 . 7 0 

U 4 9 

, 8 9 
,B9 
. 8 4 

2 . 8 1 
. 8 2 

. 8 7 
1 .95 

. 8 0 
1 .28 

.'96 

. 6 9 

. 7 9 

. 8 1 
1 .15 
1 . 2 0 

. 9 1 

. 5 9 
1 .23 

. 9 5 

. 6 6 

1 .09 
1.42 

. 6 9 

i .oa 
1.64 

. 8 2 

. 7 7 

. 8 8 

. 8 4 

1 .02 

i , i ^ 

. 6 4 

. 6 6 

. 6 8 
2 . 5 3 

. 6 7 

. 7 0 
1 .69 

. 7 * 

. 7 8 

. 7 7 

. 7 4 

. 4 3 

. 4 6 

. 8 3 

. 7 5 

. 72 

. 4 6 
1 .02 

. 6 1 

. 3 8 

. 7 9 
1 .04 

. 6 1 

. 8 5 
1 .13 

. 6 0 

. 4 9 

. 6 4 

. 9 3 

. 7 3 

Ju ly A v g . Sapt. 

1 . 5 6 

1.90 
2 . 2 9 
2 . 0 8 
1 .36 
2 . 3 4 

1 .90 

1 .86 

1 . 8 8 
2 . 2 2 
2 . 3 4 

. 0 8 

. 0 9 
. 1 ' 
. 1 9 
.17 

,04 
. 1 6 
. 0 9 
. 0 9 

. / a 

. 0 5 

. 0 9 

. 0 7 

. 3 3 

. 1 4 

. 1 0 

. 2 8 

. 0 9 

. 1 6 

. 1 4 

. 1 0 

.«« . 9 1 

. 7 8 
^94 

. 3 9 

. 9 9 

. / o 

. 6 4 

. 5 0 

. 4 7 

. 8 9 

. 2 9 

. 6 0 

. 7 5 

. 5 5 

. 5 9 

. 3 0 

. 2 9 

. 4 9 

. 8 9 

. 8 9 
1 .11 
1.08 
1 .11 

. 8 7 

. 8 2 

. 6 9 

. a j 
1 .22 

. 8 3 

. 7 7 

. 8 9 
2 . 3 9 
1 .20 

. 7 7 
2 . 0 5 

. 7 8 
1 .21 

1.06 

1.32 
2 . 9 5 
2 . 6 0 
3 .63 
- • » 

1 .84 
3 . U 
2 . 6 3 
3 . 4 2 
3 , 0 1 

4 . 1 7 
3 . 7 6 
1 . 7 0 
4 . 4 0 
3 .98 

2.|>0 
3 .67 
1 .86 
2 . 0 6 

2 ,7B 

3 . 1 2 
1 . 0 1 
3 . 7 3 

2 . 9 4 
2 . 2 1 
4 . 7 5 

3 . 9 0 

2 . 6 9 

2 . 4 8 
2 . 8 6 
3 . 3 0 
3 . 6 0 
3 .43 

1.B2 
1 .94 
2 . 0 3 
3 . 4 1 

1 .09 
1.42 
1.2a 

1.19 
1 .12 
1.16 
3 .63 

3 . 2 1 
4 . 4 3 
4 . 7 8 

2 . 3 B 
3 . 1 0 
3 . 2 3 
3 . 6 1 
3 .03 

4 . 2 6 

1 , 7 4 
1.98 
1,83 

1 . 4 2 
1 . 4 5 
1 . 3 1 

1 . 3 7 

1 . 3 1 

1.67 
1.26 
1.46 
2 . 0 9 
1 .91 

1 .71 

1.27 
1 .21 
1.93 
1 . 5 1 

1 .64 
1.09 
1.77 
1.4A 
1 .23 

1.63 

1 . 6 1 
1 , 9 7 
1 . 5 2 

. 8 9 
1 .20 

1 . 1 1 
1.02 
1.02 
1.29 

. 6 1 

. 7 7 
1 . 3 1 

. 9 9 

. 7 9 

1.19 
1 . 0 3 

1 . 2 7 
1 . 6 2 
1 . 6 9 
2 . 0 7 

. 6 7 

1 .09 
1 .31 

. 6 6 
1 .10 
1 .39 

. 9 7 

. 8 0 

. 8 9 

. 9 2 

1 2 . 9 0 
1 1 . 9 1 
1 0 . 2 0 

1 9 . 2 1 
18 .82 
1 8 . 3 1 
3 2 . 1 4 
1 1 . 0 0 

7 . 7 * 
8 . 9 1 

1 7 . 7 5 
1 1 . 1 9 
1 1 . 6 9 

1 2 . 1 0 
6 . 4 9 

2 1 . 2 9 
7 . 2 1 

1*1S 
1 . 9 1 
1 .41 
3 . 0 4 
1 .57 

1 . 7 5 
1.68 
1 .00 

. 8 6 
1 .94 

1 .77 

) . 4 B 

1 .83 
1 . 6 1 
2 . 1 1 
2 . 6 6 
l . V O 

2 , 2 2 
1 .99 
1 .59 
1 .95 

1 2 . 9 9 
1 7 . 3 2 
1 2 . 8 3 
2 5 . 9 6 
1 3 , 7 1 

1 4 . 8 2 
1 7 , 1 7 
1 2 . 2 9 
1 0 . 4 8 
1 6 , 1 9 

1 6 . 9 1 

1 4 . 7 5 

1 6 , 9 8 
1 5 , 3 7 
1 8 . 4 7 
2 1 . 5 7 
2 0 . 9 7 

1 7 . 7 9 
1 5 . 0 1 
19.BO 
2 0 , 1 7 

8 . 7 7 
7 .92 
8 , 0 2 
a . 3 1 
9 . 9 9 

5 . 6 2 
9 , 0 1 
7 .77 
7 . 5 1 

1 3 , 0 5 

7 ,46 
7 . 2 0 

9 . 0 6 
1 2 . 2 4 
1 1 . 7 9 
1 7 . 9 4 
1 7 . 8 9 

1 1 . 8 7 
1 1 . 7 2 
1 9 . 7 1 
1 4 . 1 7 
11*64 

1 7 . 0 2 
1 8 . 9 4 

8 . 6 6 
1 6 . 8 7 
1 9 , 8 0 

1 2 . 8 3 
1 1 . 7 0 
1 0 , 4 7 
1 1 , 0 0 

1 3 . 4 2 

f o r t h e p i i r t o d 1 9 3 1 - 1 9 6 0 . D l v l v l o a a l a o r a a l s aajr n o t b e t h e A r l I t i m o t l c a l 
r t o r p e r i o d fitaClos6 a r o u s e d t o o t J t a l o t » a t t « r a r e a l r c p r o K C D t a t l O D . 

v o r B g o o f I n d i v i d u a l s i a t l o a s p u b l i s h e d , s i n c o a d d t t i o D a l d a t a 
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- NORMALS BY CLIMATOLOGICAL DIVISi«^NS 
Token from "Cl imotography of ttie United Stales No. 81-4, Decenniol Census af U. S. Cl imote" 

C, oi,e> 

C€>i_C>^^DG 
TEMPERATURE ("F) PRECIPITATION (In.) 

STATIONS 
( B V Div i« iont ) 

ASKDNSAS DRAINAGE BASIN 

•4uENA VISTA 
^ A N O N CITY 

I ^OLOPADO SPRINGS WB AP 

»/t/iMAP 
VCA5 A.'JI.KAS 

y l E A D V I L L t 
»«riMON 3 0 SSW 

• ^ — N O ^ I " LAKE 

"~T)PptfAy 
" " S E N R O S E 3 MMH 
(.^UEULO W9 AIRPORT 

• R O C « : T FORD 2 ESE 
« . » R U 5 H 2 NNE 

— S A L I D A 
——SPRINGFIELD 

TWO B U t l E S I NM 

COLOPAOO DRAINAGE BASIN 

—AMES 
CE0APE0GE<*"» 

MM^OLLeRAN 
w C O R ' U 

^ R E S T E D BUTTE 

Jltt t 
ELTA 1 E 

blLLOTI I 
u^URANCO 

FOPT L E W I S - * ^ * " 
^ R A S E B 

K F R U M A 

l*LEfJWOOO SPRINGS I N 
^•tftlAND JUNCTION VO AP 
fceUNNt&ON 

^ - M A V O f M 

J K M A C I O I H 
j ^ E S A VEODE N« I PAR": 
^MONTPQSE NO 2 

NORTMOALf 
„ — NORWOOD 

•~-*»ALlSADE 
— P I T K I N 
- J H C O 
^ I F L E 

SMOShO.VE 

•''siLvrPTON 
,^SIEAHBO«T SPRINGS 

»«rI£LLURlDE 

K A M S A S DRAINAGE BASIN 

* ^ flUILlNGION 
,^CMEtENNE WELLS 
*^MOLyO<£ 

LEPOT 7 WSW 
, ^ wtAy 

- — YUHA 

PLAITE DRAINAGE B * 5 l N 

^BOULDER 
»^8YERS 

CMEES-^AN 
/-•OENVtR WB AIRPOPI 
*^DENVtn .Id CITY 

fr-C5tE5 PARr. 
- T O R I C0LLIN5 

— - FORI LUPTON I N 
•-^fORT î OROAN 
^GREELEY 

.^OMtCLCY CSC 
•^GROVtR 10 w 

H8RISEL 
" M A W I M O R N E 

J ^ D A M O SPRINGS 

*^JULCSauRQ 
K4SSLER 

M-LAKCV-OOO 
^LONCMONT 2 ESE 

— PAW.r.R 9 E 

—^SPICER 
•STEWLlNO 

WATEPOALE 

RIO GRA.«iO£ DRAlNAOi; BbN 

• J ^ A M O S A WU AlRPOBt 
{ « r , L NOP I t 

M t H M l l 7 CSE 
•-"^ANASSA 
* - « A G U A C H < : 

D I V I S I O N 

2 4 . B 
3 b . 6 
l ^ . t ^ 

1 3 . 5 

2 6 . 4 
I S . 2 
2 5 . 3 
2 3 . 0 
1 2 . 7 

^ 6 . o 
24 .B 
2 6 . 0 
11 .4 

2 3 . 4 
2 9 . 8 
2 6 . 5 

2 9 . 7 
2 9 . 4 
2 7 . J 

2 7 . J 
3 8 . 4 
3 1 . 5 

3 4 . 9 
3 5 . 1 
1 9 . 3 
3 0 . 2 

2 9 . 7 
3 2 . 6 
1 5 . 6 

Ms*. Apr. Mar •'*"•• - ^ ' t Auq. 

33.1 
4 2 . 9 
3 6 . 2 

4 1 . 6 
2 7 . 8 
3 6 . 7 

3 6 . 4 
3 8 . 6 
3 9 . 1 
3 4 . 3 

2 3 . 8 
2 7 . 5 
2 8 . 3 

2 2 . 7 3 0 . 5 4 0 . 2 

5 2 . a 
5 4 . 2 
3 2 . 2 
4 5 . 9 

4 7 . 6 
5 2 . 3 
3 9 . 7 

4 8 . 3 

3 3 . 2 
3 9 . 1 
3 7 . 5 

4 2 . 8 

4 9 . B 
6 0 . 6 
5 5 , 0 

6 2 . 9 
6 4 . « 
4 2 . 0 
5 9 . 5 

5 6 . 9 
5 4 . 8 
5 9 . 9 
41..2 

6 0 . e 
4 2 . 2 
5 2 . 5 
• •9 .0 
41 . 9 

6 1 . 0 
9 6 . 3 
6 2 . 2 

5 7 . 0 
5 7 . 9 
5 2 . 0 

5 6 . 7 

4 1 . 9 
4 8 . 5 
' •S.S 

9 1 . 7 

5 9 . 0 
5 9 . 8 
5 8 . t 

5 6 . 6 
5 2 . 1 
5 6 . 7 
5 7 . T 

6 1 . 2 
t -4 .7 
5 2 . 3 

b n . 6 
4 9 . 7 
6 0 . 6 
5 7 , 2 
6 9 . 7 

6 9 . * 
6 4 . 3 
7 1 . 3 
5 6 . 6 

6 7 . ' . 
6 7 . 3 
6 0 . 7 

6 9 , 4 
7 0 . 1 
6 8 . 5 

6 2 . 1 
6 6 . 5 
6 6 . 1 

6 7 . 3 

6 7 . 3 

6 9 . 4 
7 U 3 
•>6.0 

b S . l 
7 2 . 9 
7 3 . 3 
6 8 . 0 

7 7 . 2 
5 5 . 6 
7 0 . 5 

6 9 . 6 
6 7 . 2 
6 9 . ( , 
* 6 . o 

7 2 , 3 
5 1 . 7 
6 6 . 0 

6 9 . 0 
75 .5 
6 0 . 6 

5 6 . 9 61 - 9 6 0 . 5 5<. . I 4 A . I J9 

5 b . I 
6 7 . 6 
61 . 6 

6 8 . 6 
£S.e 
4 9 . 6 
6 2 . 1 

5 9 . 0 
5 5 , 7 
4 6 . 1 

6 5 . a 
6 6 , 1 
6 0 , 3 

Otl. Ha-. t>w. 

5 6 . 0 
5 6 . 0 
3 9 . 4 

A 8 . 9 
5 2 . T 
5 1 . 5 
4 7 . 1 

5 3 . 9 
5 4 , 3 
5 2 , 2 

5 3 . 7 
5 2 . 4 
4 9 . 0 

5 5 . 0 
5 2 . 7 
5 0 . 6 

31 .5 
2 0 - 3 
30*8 

3 0 . 1 
2 6 . 2 
2 9 . 5 
I f i .B 

2 6 . 9 
3 2 . 1 
2 9 . 6 
2 5 , 9 

J 9 . 3 
l f l , 9 
2 3 . 5 

so.s 
3 5 . 9 
3 5 . 0 
3 0 . B 

43^8 , 
5 4 . 8 

*r3: 

54" . * 
JbTT 
.4 j ,^ t 

sz. 

Siio 
Jfl.3 

.i<2 

. • 2 

9JS0 

rf. 

2 . 4 6 
." '2 

1 .80 

1.95 
, 6 0 

1.01 
1 . ? ! 

2.4(1 
, 8 0 

1 . 81 

2 . 3 4 
, 9 5 

1 .30 
1.09 
2 . 3 6 

.50 

2 . 0 8 
2 . 2 7 
2 . 3 0 

1 .07 

.94 

1.91 
2 . 2 1 
2 - 0 9 

1 .69 

1.69 

1.39 
2 . 0 6 

2 . 5 3 
2 . 2 3 
3 . 1 9 

z.sa 

3.08 

2 . 0 3 

2 . 7 6 

2 .61 
1.09 
3 . T . 
2 . ? 3 

2 . « ' . 
2 . 9 0 
2 .82 
2 . 6 6 
J , 3 8 

1 . 3 5 

. 5 6 
1.12 
1.59 
1 .92 
1.69 

2 . 0 7 

1 . 4 1 
1 . 5 b 
1 . 2 2 

2 .62 

2 . 5 3 

1 . 4 5 
1.4'V 

1 .04 
. ; .5 f l 
1 . 8 6 

1 . 7 1 

I h l ! p e r i o d 1 9 3 1 - I 9 G 0 . [ l i v i s l n n m l n o r m a l s n a y n o l l,f t h r a i - 1 1 I t m K i ^ f f t ^ n v ^ 
p i i i ' l o i l n t n t i o n s ' o r o u a e t t t o n b t . - i l n b c i . t i i r a n i n l r o p r o s c n l n t l<>n. 

1 .57 
2 . 2 J 
1 . 2 6 

72 . 9 6 . • 'B . 6 6 1 .4A I ,(>5 

it i n d t v t r i u a l j t a l t o t i « p u b l l R h n d , s l t i r . o a d d t t U 

1 . 2 3 
l . t O 
1.4fl 
1 . 2 9 

1 . 2 ' . 
1 - 7 0 
1 . 0 2 
1 . 2 0 

, 7 6 

, 7 6 

1.22 
I . 0 1 
1 .06 
1 . 0 0 

1.46 

1.50 
1.66 

. 9 3 
1 .56 
1.61 

1 , 0 1 

2 . 2 6 
1 .79 
1,89 

I . r ? 

I d P t a 

9 .69 
1 2 . 6 6 
1 3 . 1 9 
1 3 . 7 8 
12.2«. 

1 1 . 5 1 
13 .83 
1 1 . 2 0 
2 3 .00 

I B . 4 2 
18 .04 
18 .78 
1 7 . 4 1 

18 .03 
8 .29 

1 1 . 0 0 

1 4 . 4 5 
1 8 . 2 8 

9 , 1 1 

15 .69 
2 6 . * 9 
10 .93 
; B , 7 9 

1 T , e i 
17 .97 
1 7 ,49 

I B . 5 7 
1 4 . 0 5 
1 4 . i 6 

. 3 1 

. 1 0 
. 1 5 
. T l 
. 4 0 

. 4 2 

. 5 B 

. 4 5 

. 3 2 

.?<> 

. 1 8 

. J t 

.4-i 

1 1 , 1 2 
1 3 . 3 0 
1 0 . 7 1 
2 0 . f l 2 
1 5 . 0 0 

1 6 . 3 2 
17 .1 ,1 
1 5 . 1 4 

1 2 . 0 3 
n . 4 1 

1 4 . 0 6 

I ' . - I O 
1 5 . 1 4 

- 6 0 4 -
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' NORMALS BY CLIMATOLOGICAL DIVISIONS 

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

TEMPERATURE (°F) PRECIPITATION (In.) 
S T A T I O N S 

( B y D i v i . i f l O B l 

PANHANDLE 

30NNCRS FERRY 1 SW 
.COEUR D ALE/JE » E 
P O R I H I L L 

PRIEST R J V E P EXP. S I A 
i A I H T M A R I E S 

S A n O P O I N I E l P S t A I l O N 

"•• O l V I S i O ' l 

KORIH CENTRAL P R A I R I E 

O R A N O e v l L L E 

• . .MOSCOW U OP 1 

NE2PERCE 

P O I L A t C M 3 NNE 

D I V I S I O N 

NORTH CENTRAL CANYONS 

KOOSKIA 
L E W I 5 T 0 N WSo 
( i H n f 1 NO 
R I G O I N S RANGER S T A T I O N 

D I V I S I O N 

CENTRAL .MOUNTAINS 

ARROWPOCt: D A P 
AVERY R A . I G E R S T A T I O N 

DEAOWOOD O A M 
GARDEN V A L L E Y f iS 
H A I L E Y RANGER S T A T I O N 

H I L L C I T V 

IDAHO C I T Y 

KELLOGG 

MC CALL 
NEW MEADOWS RANGtR STA 

WALLACE WOODLAND PAR.< 

O I V I S I O N 

SOUTHWESTERN V A L L E Y S 

BOISE WSO 

CALDWELL 
CAMBRIDGE 
COUNCIL 
DEER FLAT DAH 

EMMETT 2 E 
G L E H N S FERRY 
GRAND VIEW 2 W 
S U N A , 2 NNE 

^ - ^ M O U N T A I N HOME 

PARMA EXPERIMENT STA 

PAYETTE 

WEISER 2 SE 

O I V I S I O N 

SOUTHWESTERN H I G H L A N D 

H O L L I S T E R 

O I V I S I O N 

CENTRAL P L A I N S 

B L I S S 

BURLEY 
HAZEL TON 
JEROME 
R I C H F I E L D 

RUPERT 

SHOSHONE 1 WNW 
TWIN F A L L S 2 NNE 
TWIN F A L L S 3 SE 

D I V I S I O N 

JAN 

2 V . 5 
2 A . 0 
2 3 . 0 
2 7 . 8 

2 5 . 6 

2 5 . B 

2 7 . 7 
2 8 . 2 
2 6 . 5 
2 8 . 7 

2 7 . / . 

3 0 . 3 
3 0 . 7 
3 1 . 0 

3 1 . A 

2 A . 5 

2 7 . 9 

1 8 . 7 

1 5 . 3 

• 2 2 . 9 
2 7 . 2 
1 8 . 5 

• 1 9 . 1 

2 5 . H 

2 1 . 0 

2 9 . 1 

2 8 . 9 

2 2 . 3 

2 8 . 6 

2 9 . 5 

2 9 ) 4 

2 9 . 0 

2 8 . 3 

2 8 . 3 
2 7 . 5 
2 7 . 5 

2 8 . 2 

2 6 . 6 

2 6 . 0 

2 6 . ' 6 
2 6 . 3 
2 6 . 6 

2 A . 7 

2 3 . 1 

2 6 . 9 

2 5 . A 

f£fl 

3o!o 
2 7 . 6 
2 7 . 6 
3 2 . 2 

2 9 . 2 

2 V . 5 

3 1 . 5 

3 2 . 5 

3 0 . 7 

3 2 . A 

3 1 . 2 

3 6 . 0 
3 5 . 9 
3 6 . A 

3 6 . 5 

2 9 . 6 
3 1 . 7 
2 1 . 3 
3 0 . 1 
2 3 . . 

1 9 . 5 
2 7 . 3 
3 1 . 5 
2 1 . 8 
2 3 . 9 

2 9 . A 

2 5 . 2 

3 A . 5 
3 A . 6 
2 7 . 5 
2 9 . 2 

3 A . 0 

3 6 . 1 

3 5 ! A 

3 A . 5 

3 3 . 2 

3 4 . 3 
3 3 . 2 
3 3 . 3 

3 3 . 6 

3 1 . 2 

3 0 . 2 

31I5 
3 1 . 4 

3 1 . 2 

2 9 . 4 

2 7 . 7 

3 2 . 7 

3 1 . 9 

3 0 . 3 

MAD 

3 7 . 6 
3 5 . 7 
3 4 . 4 
3 8 . 6 

3 6 . 0 

3 6 . 5 

3 6 . 9 
3 8 . 9 
3 6 . 5 
3 S . 4 

3 7 . ' 0 

4 3 . 0 
4 2 . 6 
4 3 . 2 

4 3 . 4 

3 7 . 8 
3 7 . 9 
2 6 . 9 
3 7 . 5 
3 0 . 8 

2 6 . 8 
3 4 . 2 
3 8 . 1 
2 7 . 6 
3 0 . 9 

3 4 . 9 

3 1 . 4 

4 1 . 7 
4 2 . 5 
3 7 . 9 

3 7 . 5 
4 1 . 8 

4 3 . 1 

4 3 . ' o 
4 1 . 8 
4 0 . 4 

4 2 . 6 
4 2 . 4 
4 2 . 8 

4 1 . 7 

3 7 . 1 

3 5 . 9 

39I1 
3 9 . 2 

3 9 . 0 

3 7 . 5 
3 6 . 6 
3 9 . 9 
3 8 . 9 

3 8 . 2 

APR 

4 6 ^ 9 
4 6 . 3 
4 3 . 9 
4 7 . 3 

4 5 . 8 

4 6 . 0 

4 4 . 9 

4 7 . 1 

4 4 . 7 

4 6 . 5 

4 5 . 1 

5 0 . 9 
5 0 . B 
5 1 . 9 

5 1 . 7 

4 8 . 4 
4 6 . 6 
3 6 . 3 
4 7 . 0 
4 3 . 3 

4 0 . 5 
4 4 . 2 
4 7 . 0 
3 7 . 2 
4 1 . 7 

4 3 . 7 

4 1 . 4 

5 0 . 4 
6 1 . 4 
4 9 . 2 
4 8 . 3 
5 0 . 8 

5 1 . 9 

5217 
5 0 . 3 
4 9 . 6 

5 1 . 5 

5 1 . 7 

5 2 . 1 

5 1 . 0 

4 6 . 0 

4 4 . 8 

4 8 . 6 
4 8 . 7 
4 9 . 1 

4 7 . 3 
4 7 . 6 
4 9 . 2 
4 8 . 3 

4 8 . 0 

WAV 

. 5 4 . 7 

5 2 . 5 

6 5 . 2 

5 3 . 8 

5 4 . 2 

5 2 . 2 
6 4 . 4 
5 2 . 1 
5 3 . 5 

5 2 . 4 

5 8 . 5 

5 R . A 

6 9 . 6 

5 9 . 3 

5 6 . 7 
5 5 . 0 
4 5 . 3 
5 6 . 0 
5 2 . 3 

5 0 , n 
5 2 . 2 
5 5 . 1 
4 7 . 1 
4 9 . 5 

5 1 . 4 

5 0 . 0 

5 8 . 2 
6 8 . 8 
5 7 . 3 
5 6 . 6 
5 8 . 2 

5 9 . 5 

6 0 ^ 8 
5 7 . 6 
5 7 . 4 

5 8 . 6 
5 9 . 5 
6 0 . 1 

5 8 . 8 

5 3 . 9 

5 2 . 6 

5 6 ^ 9 

5 7 . 0 
5 7 . 4 

5 5 . 8 
5 5 . 9 
5 7 . 4 
5 6 . 5 

6 6 . 2 

JUNE 

6 . : 3 

6 0 . 2 
5 8 . 2 
6 0 . 7 

5 9 . 3 

5 9 . V 

5 7 . 9 
6 0 . 0 
5 7 . 6 
5 9 . 0 

5 7 . 9 

6 4 . 3 
6 4 . 8 
6 5 . 8 

6 5 . 4 

6 3 . 8 
6 0 . 7 
5 2 . 2 
6 1 . 6 
5 8 . 8 

5 6 . 3 
5 8 . 4 
6 0 . 8 
5 4 . 1 
5 5 . 7 

5 7 . 1 

5 6 . 3 

6 5 . 8 
6 5 . 2 
6 3 . 9 
6 3 . 0 
6 4 . 8 

6 5 . 5 

6719 
6 3 . 7 
6 4 . 4 

6 6 . 4 
6 6 . 3 
6 6 . 8 

6 5 . 4 

6 0 . 9 

5 9 . 4 

6.12 
6 4 . 6 
6 4 . 6 

6 3 . 2 
6 3 . 3 
6 4 . 4 
6 3 . 6 

6 3 . 4 

JUIY 

6 9 . 1 
6 6 . 8 
6 4 . 6 
6 7 . 6 

6 5 . 3 

6 6 . 6 

6 7 . 0 
6 7 . 3 
6 5 . 5 
6 5 . 6 

6 5 . 9 

7 1 . 8 

7 3 . 8 

7 3 . 8 

• 7 3 . 7 

7 4 . 1 
6 8 . 0 
6 0 . 4 
7 0 . 9 
6 8 . 0 

6 5 . 8 
6 6 . 9 
6 8 . 2 
6 2 . 8 
6 2 . 7 

6 4 . 3 

6 4 . 6 

7 5 . 2 
7 3 . 5 
7 4 . 1 
7 2 . 8 
7 3 . 5 

7 3 . 7 

7 6 . 5 
7 2 . 0 
7 3 . 7 

7 3 . 6 
7 5 . 3 
7 5 . 4 

7 4 . A 

7 1 . 3 

6 9 . 4 

7 3 ! a 
7 3 . 6 
7 4 . 1 

7 2 . 6 
7 2 . 9 
7 2 . 9 
7 2 . 3 

7 2 . 7 

AUG 

6 7 . 8 
6 4 . 7 
6 2 . 5 
6 5 . 8 

6 3 . 4 

6 4 . 7 

6 5 . 9 
6 5 . 6 
6 4 . 5 
6 3 . 6 

6 4 ' . 4 

6 9 . 6 
7 1 . 7 
7 1 . 7 

7 1 . 7 

7 2 . 2 

6 6 . 6 
5 8 . 4 
6 8 . 6 
6 6 . 0 

6 3 . 7 
6 4 . 8 
6 6 . 1 
6 0 . 4 
6 0 . 3 

6 2 . 6 

6 2 . 5 

7 2 . 1 
7 0 . 4 
7 1 . 0 
7 0 . 4 
7 0 . 7 

7 1 . 1 

73I4 
6 9 . 4 

7 1 . 1 

7 1 . 0 
7 2 . 3 
7 2 . 5 

7 1 . 6 

6 8 . 8 

6 7 . 0 

7 l ! 4 
7 1 . 1 
7 1 . 4 

6 9 . 6 
6 9 . 9 
6 9 . 9 
6 9 . 2 

6 9 . 9 

St,T 

5 9 . 6 
5 6 . 5 
5 6 . 3 

5 8 . 6 

5 6 . 1 

5 7 . 1 

5 8 . 1 
5 9 . 2 
5 7 . 4 
5 7 . 4 

5 7 . 5 

6 2 . 4 

6 3 . 5 

6 3 . 5 

6 3 . 7 

6 2 . 7 
5 9 . 3 
5 1 . 1 
6 0 . 5 
5 7 . 5 

5 4 . 7 
5 7 . 1 
6 8 . 6 
5 2 . 6 
5 2 . 8 

5 5 . 6 

5 4 . 8 

6 2 . 7 
6 1 . 5 
6 1 . 0 
6 1 . 6 
6 1 . 7 

6 3 . 0 

6 3 ^ 5 

6 1 . 3 

6 2 . 2 

6 2 . 0 
6 2 . 6 
6 3 . 1 

6 2 . 6 

5 9 . 9 

5 8 . 4 

62 l l 
6 1 . 9 
6 2 . 4 

6 0 . 3 
6 0 . 5 
6 1 . 3 

6 0 . 5 

6 1 . 0 

OCT 

4 8 . 7 
4 5 . 6 

4 4 . 9 
4 8 . 5 

4 6 . 1 

4 6 . 7 

4 7 . 8 

4 9 . 5 

4 7 . 5 

4 8 . 5 

4 7 . 9 

5 1 . 5 
5 2 . 0 
5 2 . 0 

5 3 . 1 

5 0 . 7 
4 9 . 1 
4 2 . 2 
4 9 . 1 

4 7 . 0 

4 4 . 3 
4 7 . 5 
4 8 . 4 
4 3 . 1 
4 3 . 6 

4 6 . 7 

4 5 . 1 

5 1 . 6 
5 1 . 2 
4 9 . 8 

5 2 . 6 

52I3 
5 1 . 8 

5 1 . 9 

5 1 . 5 
5 1 . 3 

5 2 . 0 

5 2 . 0 

4 9 . 9 

5 0 . 2 

5 1 . 3 
5 1 . 2 
5 1 . 5 

4 9 . 7 
4 9 . 7 
5 1 . 0 
5 0 . 3 

5 0 . 5 

NOV 

3 6 ! 8 
3 3 . 9 
3 2 . 9 
3 6 . 6 

3 4 . 9 

3 5 . 0 

3 6 . 4 

3 7 . 8 

3 5 . 7 

3 7 . 6 

3 6 . 5 

3 9 . 0 
3 9 . 8 
3 9 . 7 

3 9 . 9 

3 6 . 6 
3 5 . 7 
2 8 . 8 
3 4 . 9 
3 2 . 2 

3 0 . 6 
3 6 . 5 
3 6 . 3 
3 0 . 2 
3 1 . 2 

3 5 . 1 

3 2 . 0 

3 8 . 6 
3 8 . 3 
3 6 . 0 
3 6 . 9 
3 8 . 3 

3 9 . 4 

39I0 
3 8 . 8 
3 8 . 7 

3 8 , 3 

3 8 . 0 

3 8 . 5 

3 8 . 7 

3 7 . 1 

3 6 . 6 

3 8 ^ 0 
3 7 , 8 
3 S , 1 

3 6 , 5 
3 5 , 8 
3 8 . 1 
3 7 . 6 

3 7 . 1 

OCC 

3ll7 
2 8 . 5 

2 8 . 0 

3 1 . 6 

2 9 . 7 

2 9 . 9 

3 1 . 3 
3 2 . 4 

It:'. 
3 1 . 3 

3 3 , 5 
3 4 , 9 
3 4 , 1 

3 4 , 6 

2 9 , 3 
3 0 , 6 
2 0 , 1 
2 7 . 4 
2 3 . 6 

2 1 , 8 
2 7 , 0 
3 1 , 2 
2 2 , 9 
2 3 . 3 

2 9 , 9 

2 5 , 0 

3 2 , 2 

3 2 , 3 

2 8 , 0 

2 9 , 0 

3 2 , 3 

3 3 . 3 

3 2 ^ 3 

3 2 , 4 

3 1 , 9 

3 2 . 0 
3 1 . 5 
3 1 . 6 

3 2 . 0 

3 0 . 8 

3 0 . 0 

31I3 
3 0 , 8 
3 0 , 8 

2 9 , 7 
2 8 . 2 
3 1 . 6 
3 1 , 0 

3 0 , 1 

AHN 

47I9 
4 5 , 4 
4 4 . 1 
4 7 , 5 

4 5 , 4 

4 6 , 0 

4 6 , 5 
4 7 . 7 
4 5 . 8 
4 7 . 0 

4 6 . 2 

5 0 . 9 

5 1 , 6 

5 1 , 9 

5 2 , 0 

4 8 . 9 
4 7 . 4 
3 8 . 3 
4 7 , 2 
4 3 . 5 

4 0 . 8 
4 4 . 8 
4 7 . 4 
3 9 . 9 
4 1 . 2 

4 4 . 7 

4 2 . 4 

^ 1 . - 0 

T , B . 2 

4 8 . 4 

5 0 . 5 

5 1 . 5 

52I2 

5 0 . 8 

^ 5 ^ ~ » 

5 0 . 8 

4 7 . 8 

4 6 . 7 

4 9 ] 6 
4 9 . 5 
4 9 . 7 

4 8 . 0 
4 7 . 6 
4 9 . 6 
4 8 . 9 

4 8 . 6 

JAN 

3 . 1 6 
3 . 4 2 
2 . 1 8 

4 . 3 1 
3 . 7 9 

4 . 4 9 

3 . 5 6 

1 . 3 8 

2 . 8 0 

1 . 5 3 

3 . 1 0 

2 . 0 7 

1 . 9 3 
1 . 1 0 
2 . 7 9 

. 9 0 

2 . 1 0 

2 . 7 7 

3 . 5 7 

4 . 7 9 

3 . 3 8 

2 . 1 1 

2 . 3 2 
3 . 4 1 
3 . 6 1 
3 . 6 2 

3 . 3 0 

4 . 3 0 

3 . 5 6 

1 . 3 2 
1 , 2 V 
2 . 8 8 
3 . 8 2 
1 . 0 6 

1 . 5 5 
1 . 2 5 

. 7 1 
1 . 1 2 

1 1 . 0 4 

1 . 1 1 

1 . 5 1 

S l . 7 0 

1 . 5 4 

1 . 0 9 

1 . 1 1 

1 . 2 4 
1 . 1 1 
1 . 3 5 
1 . 2 6 
1 . 4 1 

1 . 0 2 

1 . 5 8 
1 . 0 4 
1 . 0 2 

1 . 1 8 

fEB 

2 . 2 4 
2 . 5 2 
1 . 5 6 

3 . 1 3 
2 . 8 7 

3 . 3 0 

2 . 6 0 

1 . 5 2 
2 . 1 4 
1 . 4 5 
2 . 3 5 

1 . 8 1 

1 . 8 6 

• . 9 7 

2 . 6 1 

1 . 2 2 

2 . 0 2 

2 . 6 0 
3 . 0 2 
4 . 2 3 
3 . 0 2 
1 . 8 8 

1 . 9 4 

3 . 2 0 

2 . 9 2 

3 . 1 5 

2 . 7 0 

3 . 4 3 

3 . 1 1 

1 . 3 3 
1 . 2 6 
2 . 5 7 
3 . 3 4 

. 9 4 

1 . 4 4 

. 9 * 

. 5 8 

1 . 0 3 
. 8 7 

. 9 8 
1 . 2 6 
1 . 4 5 

1 . 3 6 

. 7 4 

. 8 0 

. 9 2 

. 9 2 

1 . 0 6 
. 9 9 

1 . 1 3 

. 8 5 

1 . 2 5 

. 7 0 
, 7 2 

, 9 1 

MAS 

1 . 7 6 
2 , 3 4 
1 . 4 2 
2 . 8 4 
2 . 6 3 

2 . 9 7 

2 . 3 6 

2 . 0 6 

2 . 1 2 

1 . 7 8 

2 . 2 6 

2 . 0 0 

2 , 3 9 
1 . 1 8 
2 , 6 3 
1 . 4 9 

2 , 3 5 

2 . 1 4 

3 . 2 0 

3 . 5 1 

2 . 6 6 

1 . 2 8 

1 . 4 1 

2 . 5 7 

2 . 9 7 

2 . 7 5 

2 . 3 7 

3 . 4 2 

2 . 7 8 

1 , 3 2 
1 , 1 7 
1 . 9 9 
2 . 7 7 
1 . 1 1 

1 . 3 1 

1 . 0 2 

. 9 1 

1 . 2 0 

1 . 1 0 

. 9 1 

1 . 1 0 

1 . 1 1 

1 . 3 0 

l . O l 

1 . 0 7 

. 9 2 

. 8 4 

. 9 8 

. 9 3 

. 8 8 

. 8 2 

. 9 8 

. 8 4 

. 8 7 

. 8 7 

APD 

1 . 1 1 
1 . 7 1 
1 . 0 2 
2 , 0 3 
1 , 9 9 

1 . 9 7 

1 . 6 7 

2 , 6 8 

1 , 6 9 

2 . 1 3 

1 . 8 2 

2 . 0 5 

2 . 8 2 
1 . 1 4 
2 . 0 6 
1 . 5 4 

2 . 1 2 

1 . 4 9 

2 . 4 5 

1 . 9 5 

1 . 7 7 

1 . 0 7 

1 . 0 1 
1 . 6 8 
2 . 3 8 
1 . 8 7 
1 . 9 4 

2 . 4 7 

1 . 9 7 

1 . 1 6 
1 . 0 1 
1 . 4 3 
2 . 0 9 

. 8 7 

1 . 0 7 

. 7 5 

. 7 0 

1 . 0 3 

. 8 4 

. 8 0 

. 8 8 

. 9 0 

1 . 0 4 

1 . 0 9 

1 . 1 6 

. 6 6 

. 7 9 

. 9 9 

. 7 9 

. 7 0 

. 7 4 

. 7 9 

. 9 3 

. 8 6 

. 8 1 

MAT 

1 . 3 7 
2 . 0 4 
1 . 3 8 
2 . 1 8 
1 . 9 9 

2 . 0 5 

1 . 8 5 

3 . 3 0 
1 . 6 3 
2 . 7 5 

1 . 9 4 

2 . 6 0 

3 . 0 5 
1 . 5 5 
2 . 2 7 

2 . 0 8 

2 . 3 1 

1 . 4 2 

2 . 4 1 

2 . 1 1 

1 . 7 5 

1 . 3 3 

1 . 2 6 
1 . 8 6 
2 . 4 1 
2 . 3 5 
2 . 0 7 

2 . 4 5 

2 . 0 6 

1 . 2 9 
1 . 0 8 
1 . 4 5 
2 . 0 2 
1 . 0 6 

1 . 2 6 

. 9 0 

1 . 0 9 

1 . 3 7 

1 . 0 2 

1 . 0 4 

1 . 0 0 

. 9 9 

1 . 2 2 

1 . 2 3 

1 . 4 4 

. 8 8 

. 8 7 
1 . 0 9 

. 8 7 

. 8 5 

. 8 2 

, 9 9 

1 . 0 0 

1 . 0 1 

. 9 5 

JUN4 

1 . 6 2 
1 . 9 3 
1 . 9 4 
2 . 5 V 
2 . 1 8 

2 , 3 3 

2 , 0 9 

3 , 0 4 

1 , 7 4 

2 , 6 6 

2 , 0 6 

2 . 4 8 

2 . 8 9 
1 . 7 3 
2 . 2 9 
1 , 9 1 

2 . 3 0 

1 , 1 0 
2 . 5 1 
1 . 8 3 
1 . 3 9 
1 . 0 4 

. 8 5 
1 . 3 8 
2 . 4 2 

2 . 0 7 
1 . 9 9 

2 . 7 2 

1 . 9 3 

. 6 9 

l-.ll 

1 . 0 1 
. 5 9 

. 6 3 

. 6 8 

. 7 3 

. 7 9 

. 6 7 

. 8 2 

. 9 7 

1 . 0 6 

1 . 1 4 

. 6 1 

. 7 2 

. 6 3 

. 6 6 

. 6 4 

. 7 6 

. 6 4 

. 7 9 

. 7 9 

. 7 4 

JUIV 

. 7 8 

. 6 6 

. 7 4 

. 9 0 

. 7 1 

. 6 3 

. 7 3 

. 6 8 

. 5 1 

, 8 6 

, 5 5 

, 7 3 

, 8 5 
, 4 3 
. 6 0 
, 6 2 

, 6 2 

, 2 7 

1 , 0 4 
. 6 1 
. 3 3 
, 4 1 

, 2 7 
, 3 4 
, 8 3 
, 5 5 
, 5 5 

1 . 0 1 

. 6 6 

, 2 1 
, 2 4 
, 2 5 
. 3 5 

. 1 8 

. 1 5 

. 2 5 
, 1 6 
. 1 9 
, 2 4 

, 1 4 

. 2 2 

. 1 1 

, 2 1 

, 4 0 

. 4 1 

. 2 2 

. 2 6 
, 2 5 
, 1 8 
, 2 6 

, 2 3 

. 2 2 

. 2 4 

. 2 1 

, 2 5 

AUG 

, 7 6 
, 7 2 

1 , 0 6 
. 8 9 
, 6 7 

, 6 3 

, 6 2 

. 7 6 

. 5 2 

. 7 1 

. 5 2 

. 6 8 

. 7 4 

. 4 3 

. 4 7 

. 5 6 

. 5 9 

. 1 5 

. 9 5 

. 6 0 

. 4 1 
, 4 2 

. 3 3 

. 2 9 

. 8 3 

. 6 1 
, 5 5 

, 6 7 

, 6 3 

. 1 6 

. 1 1 
, 2 3 

, 3 9 
. 1 6 

. 1 2 

. 1 4 

. 1 1 

. 1 4 

. 1 5 

, 2 3 

, 2 2 

, 2 2 

, 1 8 

, 2 6 

, 3 1 

, 1 1 
, 2 6 
. 1 9 
. 1 5 
. 3 0 

. 2 3 

. 2 2 

. 1 7 

. 2 1 

. 2 2 

SEPT 

1 . 2 6 
1 . 3 5 
1 . 2 6 
1 . 6 0 
1 . 4 3 

1 . 7 1 

1 . 4 5 

1 . 5 1 

1 . 2 4 

1 . 3 5 

1 . 3 8 

1 . 3 7 

1 . 5 0 

. 9 0 

1 . 4 3 

1 . 0 2 

1 . 3 5 

. 4 7 

1 . 7 5 

1 . 0 0 

. 7 2 

. 6 0 

•.Vy 
1 . 7 0 

1 . 1 9 

1 . 1 5 

1 . 9 3 

i . 2 u 

. 3 9 

. 4 1 

. 6 5 

. 8 6 

. 3 6 

. 5 5 

. 2 5 

. 3 3 

. 4 0 

. 3 0 

. 4 4 

. 4 2 

. 3 9 

. 4 4 

. 4 3 

. 4 4 

. 2 7 

, 4 1 

, 3 9 

, 4 1 

. 4 3 

. 4 9 

. 4 6 

. 4 0 

OCT 

2 , 4 1 
2 , 5 0 
2 , 0 3 
3 , 2 9 
2 , 7 9 

3 . 3 7 

2 . 8 2 

2 , 2 0 

2 , 0 3 

1 , 9 5 

2 , 3 3 

2 , 0 9 

2 . 4 6 
1 . 2 1 
2 . 3 6 
1 . 4 2 

2 . 1 3 

1 . 2 8 

3 . 3 6 

2 , 2 7 

1 . 7 4 

. 9 0 

1 , 0 0 
1 , 6 2 
3 , 1 8 
2 , 2 8 
2 , 2 2 

3 , 6 2 

2 , 3 4 

, 8 4 

, 7 9 

1 , 4 5 
2 . 1 4 

. 6 9 

. 9 5 
, 5 5 
, 4 7 
. 7 9 
, 6 5 

. 7 6 
, 9 0 
. 8 6 

. 9 1 

, 7 4 

. 9 8 

, 5 5 

, 6 3 
, 7 9 
, 6 4 
. 7 1 

. 6 8 

, 7 4 

, 7 6 

, 7 5 

. 7 1 

NOV 

3 . 0 8 
3 , 2 0 
2 . 2 6 
3 . 9 2 
3 , 5 8 

4 , 2 1 

3 , 4 2 

1 , 8 2 
2 . 6 4 
1 . 8 3 

2 . 8 0 

2 . 1 7 

2 . 2 4 
1 . 2 3 

3 . 0 5 
1 . 3 7 

2 . 3 8 

2 , 3 2 

3 , 8 9 
3 . 6 4 
2 . 6 9 
1 . 3 1 

1 , 7 1 
2 , 6 4 
3 , 7 1 
2 . 7 8 
2 . 8 7 

4 . 4 5 

3 . 1 6 

1 . 2 0 
1 . 2 1 
2 . 4 5 
3 . 1 8 
1 . 0 2 

1 . 3 7 
1 . 0 5 

. 6 8 
1 . 1 8 

. 9 3 

1 . 0 0 

1 . 2 1 

1 . 2 8 

1 . 3 5 

. 9 1 

. 8 9 

1 . 0 5 
. 6 5 

1 , 0 7 
, 9 5 

1 , 0 5 

, 6 1 

1 , 0 9 
. 9 2 
. 9 3 

. 9 5 

DEC 

3 . 5 1 
3 . 7 4 
2 . 4 2 
4 . 7 6 
4 , 0 6 

4 , 6 8 

3 , 9 8 

1 , 5 1 

3 . 1 5 

1 , 7 0 

3 , 3 6 

2 , 2 5 

1 , 9 9 
1 , 3 7 
3 . 3 7 
1 . 3 3 

2 , 4 8 

2 . 8 1 

4 . 3 1 

5 , 4 3 

3 , 7 6 

2 , 1 6 

2 , 1 6 
3 , 6 3 
4 . 0 1 
3 , 5 3 
3 . 5 8 

5 . 0 6 

3 . 9 6 

1 . 3 2 

AA 
4 . 0 1 
1 . 0 8 

1 . 6 3 
. 9 9 
, 6 9 

1 , 0 3 
, 9 1 

1 , 1 2 
1 . 3 7 

1 , 4 8 

1 , 4 8 

1 . 0 1 

1 , 0 2 

1 , 1 2 
1 , 0 4 

1 , 3 2 

, 9 0 

1 , 3 5 
. 8 6 
, 9 1 

1 , 0 1 

ANN 

2 3 , 0 8 
2 6 . 1 3 
1 9 . 2 5 
3 2 , 4 6 
2 8 . 7 1 

3 2 . 7 4 

2 7 . 3 7 

2 2 . 6 5 
2 2 . 2 1 
2 0 . 7 0 
2 4 , 4 9 

2 2 , 2 0 

2 4 , 7 2 
1 3 , 2 4 
2 5 , 9 3 
1 5 . 4 6 

2 2 , 7 5 

1 6 , 8 2 

3 2 , 4 6 

3 1 . 9 7 

^ 3 , 6 2 

1 4 , 5 3 

1 4 , 6 9 
2 3 , 1 9 
3 0 . 9 7 
2 6 . 7 6 
2 5 . 2 9 

3 5 . 7 5 

2 7 , 3 6 

1 1 . 4 3 
1 0 . 6 1 
1 9 , 7 1 
2 6 , 8 0 

9 , 2 6 

1 2 , 4 3 

8 , 6 8 
7 . 2 6 

1 0 . 3 6 
8 . 7 6 

9 , 3 4 

1 0 , 9 6 

1 1 , 3 1 

1 2 . 0 0 

9 . 9 9 

1 0 . 7 7 

8 . 5 4 
8 . 6 1 

1 0 . 1 1 
6 . 6 7 
9 . 6 4 

6 . 2 7 

1 0 . 2 6 
6 . 7 4 
8 . 7 4 

9 . 0 0 
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I DAHO 

• NORMALS BY CLIMATOLOL..^AL DIVISIONS 
Taken from "Cl imalography of the United States No. 81-4, Decennial Census of U. S. Cl imate" 

/ O ^ H C ? ^ COA^r. TEMPERATURE (°F) PRECIPITATION (In.) 
STATIONS 

(By DivUionil 
NORTHEASTERN V A L L E Y S 

CHALLIS 
H A C K A Y BANGER STATION 
SALMON 

UPPER SNAKE RIVEfl PLN 

ABERDEEN EXP STATION ' 
A S M T O N 1 5 

BLACKFOOT 2 SSW 
DUBOIS EXP STATION 
FORT MALL INDIAN AGN C Y 

IDAHO FALLS FAA AP 
IDAHO FALLS 42 NW 
IDAHO FALLS 46 W 
POCATELLO WSO 
SUGAR 

EASTERN HIGHLANDS 

DRIGGS 
GRACE 
LIFTON PUMPING STATION 
HALAO 
MONTPELIER RANGER SIA 

OAKLEY 

DIVISION 

21. 
16, 

17!6 
22,7 

19.3 
13.4 
15.4 
22.3 
(7.5 

17.3 
18.9 
17 

27.5 

19.1 

21 
24.7 

24.2 
16.9 
20 
27.2 
21 

31.9 

23.0 

35.5 
27.9 

28 
36.1 

33.2 
29 
30.0 
35.8 
29.9 

27 
29 
26 
35 
28.0 

38 

29.9 

46.P 
41.4 

42i3 
46.4 

45 
43.1 
43.3 
46.5 
43.6 

47.2 

41.6 

52.2 
55.1 

53.9 
52.7 
52.6 
55,1 
52,6 

47,9 
50 
51,2 

55.0 

50.7 

59.7 
56.1 
60.2 

61 
57.6 

59 
62.1 

60 
59,6 
59.8 
62.8 
59.3 

55 
57 
59 
62 
56.0 

62.0 

57.8 

69.2 
69,1 

65.8 
66,9 
71,0 

71,3 

66,3 

67,8 
62,5 

66,2 

66.9 
66 
66 
70,1 
63 

69.2 

64.5 

57 
56 
56.6 

59.6 

58.0 
56.1 
65.5 
60 
55 

53 
56.1 
55 
60 
55,6 

60,7 

56,0 

47.1 
46,0 

49,1 
45.5 

43.6 
46,7 

51.0 

45,6 

32 
30,6 
31," 

34.3 
30,3 

35,0 

33.0 
26.1 
29.6 
35,0 
31,3 

29 
31.3 
31.1 
35,1 
30,6 

38,4 

31,4 

23.0 
21.6 
22.5 

26. 
22, 

22,6 
27 

24,5 
18,6 
20,6 
27 
22,7 

21,9 
23,5 
23 
27,3 
22 

31 

23,7 

44,1 
42.1 

48.7 

42.5 

.78 
1.82 
1.00 
.89 
.86 

.89 

.55 
,73 

1,21 
1,12 

1.41 
1,14 

1,51 
1.15 

1.77 
.80 

.92 
1.15 

1.40 
1.17 
.67 

1.32 
1.11 

,69 

.62 
1.02 
.69 

1.17 
1.13 

1.11 
1.28 

.84 

1.24 

.51 
1.C6 
.80 

1.10 
1.36 
1.02 
1.21 
1.38 

1.08 

1.27 

1.11 
1.09 
1.36 

.91 
1.45 
1.12 
1.42 
1.14 

.96 

.86 
1.10 
1.13 
1.13 

1.74 
l.Cl 
1.16 
1.39 
1.44 

1.37 

1.64 

1.18 
1.26 
1.35 

.61 
1.91 
1.13 
1.79 
1.22 

1.13 
1.24 
1.09 
.96 

1.42 

2.05 
1.46 
.94 

1.25 
1.48 

1.07 

1.60 

• Normal. Tor the period 1931-1060. Olvtsloiul normsla may noc be Ihe jrllhmotlcal avenite of 
Inillvldual otailona publlshetL aince additional ilata for ehoncr period atailona arc used to obtain better 
areal reprcacotatlon. 

C O N F I D E N C E - L I M I T S 

.71 
.70 

.61 

.73 

1.11 
1.04 

. 90 

.93 

1.29 
1.13 

.91 

.98 
1,16 

,78 

1,16 

.67 
1.56 

1.05 
1,14 

,60 

1,19 

.79 
1.69 

.92 

.92 

.76 

.60 

.61 

.59 
1.00 
1.21 

1.39 
1.13 

.68 
1.53 
1.17 

.83 

1.42 

6.93 
9.25 

7.87 
16.69 

9.90 
10.94 

9.68 

8.67 
7.02 
7.57 

10.85 
11.24 

15.79 
14.20 

9.62 
13.97 
13.67 

10.08 

14.82 

[n the absence of Irentl or recortl chsnges, the chaticea are 9 out of 10 that the- true mean will Ue In the interval formed by adding and 
subtracting (he valued in the following table froin the means for any station In the State. Because of the wider variation in mean pre
cipitation, the corresponding monthly means end annual mean must be aubfltituted for "p" in the precipitation table below to obtain 
mean prccioitatiot! confidence limits. 

2 .1 1.9 1.3 1.1 | l . l | l . o | .6 I .5 I .9 I 1.1 I 1.3 I 1.6 I .S |.19V',|.2(>/p|.21srp|.21vr|j.28>/"(j.25Vpj.2»ypj.2W'p|.27Vj.2Wfj.25./pl.l7^r^.2»/p 

C O M P A R A T I V E D A T A 

Data in the following table are the mean temperature and average precipitation for Moscow (University of Idahol, Idaho, for the period 
1906-1030 and ore included in this publication for comparative purposes. 

|26.9 31 .5 38.3 |4S.8 |52.6 |59.4 167.6 IsB.3 |57.7 Us.S |37. 7 129.3 U6. 8 I 3 .03 | 2.20l 2 .0911. SOl 1. 7ll 1.32|o. 57l 0 .74 | 1. i s l I ,Ssl 2 .9 l i 2.551 21.30. 
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^/lOKJT I 

•NORMALS BY CLIMATOLOGICAL DIVISIONS 
Token from "Cl imatography of the United States No. 81-4, Decennial Census of U. S. Cl imate" 

Ar£y/ \ /77i A/Ai 
STATIONS 

( B r D iv ia ioDS) 

WESTERN 

" t A R B t 
• ^ f A j T . A J i A C O N D A 

- - . - r O R T I K E 1 N 

-HAMILTON , 
^MAUGAN 3 E 

•MERON 2 N̂ a 
— t A l I S P E L L WSO 

• S C f f f t a r I NE RANGER STA 

LONEPINE 1 WNW 
MISSOULA 2 WNW 

• " f l S S O U L A wSO 
..OVANOO 

* - P M | i . i P s B U R G RANGER STA 
PLEASANT V A L L E Y 

•V^POISON 

S A l N I I G N A T I U S 

SILVER LAKE 

STEVENSVILLE 

SUPERIOR 

THOMPSON F A L L S PH 

. ,WESI GLACIER 

D I V I S I O N 

• SOUT.twESTERN 

• ^ O J E M A N MONT S I U N I V 
• • " C O T T E FAA A I R P O R T 

~ » I L L O N WMCE 
. « ! K N I S 
- J f E S G E N OAM 

. - - L IMA 
NOttRIS MADISON PH 

TRIOCNI 
" - V I R G I n l A C I T Y 
— WEST YELLOWSTONE 

NORTH CENTRAL 

6A8B 6 NE • 
, > B I C SANDY 

eRDWNING 
*M» CHINOOK 

• C H O I E A U A I P O O R ! 

..^CONRAO A IRPORT 

. ^ i U t BANK FAA AP 

^.OUNKIRK 14 NNE 
-PAIRFIELD 

FORT A S S » H N t B O I N E 

. . ^ H A R L E M 

• ^ « A V R E WSO 
.«£ MALTA 

— . - ^ S I M P S O N 6 NW 

TELEGRAPH CREEK 

V A L I E R 

D I V I S I O N 

CENTRAL 

. AUCUSTA 
- C A S C A D E 5 S 

FLATWILLOW 4 ENE 

GIBSON DAM 
-GREAT F A L L S WSO 

»*1ELENA 6 N 
W.HELENA WSO 
M.HOLTER DAM 
• * L E W 1 S T 0 W N F A A AP 

_ J E L S T 0 N E 

— M O C C A S I N E « 0 S T A T I O N 
^ R O U N D U P 

. S T A N F O R D 
. ^ WHITE SULPHUR S P R I N G S 
, W, lNIFREO 

25 
2 2 . 0 
19 
2 4 . 8 
2 1 . 8 

2 4 . 2 
1 9 . 9 

2219 
2 2 . 4 

1 9 . 2 
1 5 . 2 

1 9 . 5 
2 5 . 1 

2 3 . 0 

2 4 . 6 

2 6 . 6 

2 1 . 1 

2 1 . 8 

20 
15 
2 1 . 9 

2 1 . 8 
1 1 . 4 

1 6 . 0 
2 5 

2 0 . 6 
1 1 . 7 

1 3 . 9 
1 2 . 0 

1 5 . 3 

1 9 . 8 

1 6 . 5 

2 2 . 2 
24 
2 0 . 6 
2 2 . 7 
2 2 . 1 

16 
2 6 . 0 

2 0 . 2 

2 1 . 5 

2 0 
2 3 . 7 

TEMPERATURE CF) PRECIPITATION (In.) 

2 9 . 6 
2 4 

2 4 . 5 
2 9 
2 6 . 4 

2 6 . 2 
2 4 . 5 

2 6 . 2 
2 7 . 5 

2 5 . 0 
2 0 . 4 

2 3 ! 5 
2 7 . 7 

2 7 . 8 

2 9 . 5 

3 0 . 8 

2 4 . 3 

2 5 . 8 

2 3 . 6 
1 9 . 5 
25 
2 5 . 1 
15 

1 9 . 1 
2 8 . 4 
2 7 . 6 
2 4 . 2 
1 6 . 2 

2 0 . 9 
1 9 

2 1 . 3 
1 6 . 9 
2 4 . 1 

2 2 . 1 
1 9 . 4 

1 5 . 7 

1 6 . 3 

1 5 . 2 

1 3 . 8 

2 1 . 8 

1 9 . 9 

2 6 . 1 

2 3 . 6 

2 4 . 5 

2 3 . 2 
2 8 . 2 
2 2 
2 4 . 9 

2 2 . 6 
2 6 . 6 
2 3 
2 2 

MAR APR MAY JUNE JUIT AUO SEPi OCI NOV 

36.9 
33 

30.1 
26 
32.5 
31 
22 

26.8 
34 
35 
30.2 
22.5 

26.6 
30 
27.6 
28 
30.6 

29.6 
26 
27 
30, 
27.2 

27 
26.9 

27 

29.3 

28.6 

26.1 

30 
32.8 
30.9 
29.6 
30.7 

34.4 
21 
33.0 

29.6 
33.7 
29.6 
28.6 
29.9 

42 
36.5 
43.0 
42 
34.6 

36.7 

38 
45.4 
39.7 
44.5 
42.2 

40 
42.9 

43.1 

44.8 

44)3 

41.3 

42.4 

41.6 
44.8 

45.8 
41.2 
45 

41.2 
40.6 
43.7 

51 
49 
50.9 
54.6 
51 

52.2 

51.2 
50.8 
46.8 

47.5 
54.4 
55.5 
49.5 
44.2 

47.6 
56.0 
48.9 
55.7 
52.0 

52.6 
50.4 
51.6 
52.3 
54.6 

55.2 
54.7 
56 

51.4 
53 
54.6 

62 
55.3 
51.0 
56 

50.8 

50.1 
54.2 

57 
56.4 

60 
57.0 

56.2 
57.3 
53.3 

64 
61.4 
62.3 
56.3 
51.5 

93.2 
62.5 
54.8 
62.4 
58,4 

59.3 
66.B 
56.2 
56.3 
61.3 

61.7 
61.0 
63.2 

62!7 

57.9 

59.5 

57 
60.3 
61.9 
54.2 
59 

59.6 
62 
57.5 
64.0 

57.2 
63.2 
57 
56.7 
60.8 

65.1 
66.5 
63.0 
66.2 
62.9 

68.2 
68.3 

67.0 
61.7 

60.1 
67.4 

66.0 
67.5 
69.2 

64.0 

64.9 

62.7 
65.9 

63.1 
70.8 
70.2 

62.8 
70.3 

67 
65.3 
66.6 

69.8 
70.0 
71.5 

71.8 

66.3 

67.9 

65.7 
66 
71 
62 
69.4 

60 
66.1 

61.8 
63.1 

65.9 
66.3 

64.6 
59.3 

57.9 
65.7 

63,7 
65.1 
67.6 

62.0 

62.6 

62.6 
60.0 

67.2 
64.0 

64.6 
62 
63.8 

66.5 
67 

68.6 

69.4 

64,1 

65.3 

69.2 
60.5 
66.6 

69.1 
64.2 

64.6 
69.6 
64.5 
63 
67.1 

55 
55 
52 
57.7 
54.1 

54.8 
54.7 

57*3 
57.4 

56.4 
51.2 

50.9 
56.9 

55.2 
57.3 
59.6 

53.3 

54.6 

58.5 
54.7 

50 
58.1 
52 
67.0 
54.9 

55.6 
53 
54.0 
56.2 
56.6 

56 
55.6 
67 

58,6 

55,5 

55.7 

55.2 
57.8 
58.9 
52 
57.4 

54.9 
60.1 

44.9 
43.9 

46.4 
46.2 

44.0 
42.4 

42,2 
46,3 

45,4 
46,8 
46,7 

43,1 

44.7 

46.1 
45,8 

47,2 
43,7 

46,6 
46,8 

47.4 

46.0 

46.7 

45.9 
49.0 

34.6 
31.9 
30.7 

33.4 
31.0 

33.0 
33.4 

30.5 
28.6 

30.1 
34,6 

33.2 
34.3 
36.0 

30,9 

32.1 

31,9 
27,7 
33.0 
33,0 
25,0 

28,2 
36.5 
34,8 
31,3 
22 

31,3 
31.6 
31,0 
90.1 
33.9 

32.7 
30,2 
26,6 
34.1 
29.9 

29.2 
29.5 
30.0 

3114 

32.5 

31.0 

33.9 
36 
34.2 
33,2 
34.3 

38.2 
32.6 
35.2 

32.7 
36.1 
33.6 
31.2 
32.2 

29 
26 
24.7 
28.5 
26.1 

26.4 
25.0 

27)8 
26.8 

23.5 
20.4 

24)2 
29.7 

27.0 
28.2 
30.9 

25.7 

26.2 

25.4 
20.1 
26.3 
26 
16.0 

20 
30.3 
27 
25.0 
15.0 

25.1 
22 
24 
20 
27.4 

25.2 
23.2 
20.9 
27.1 
21.0 

19. 
20. 
19.4 

22I5 

25.4 

22.7 

27.5 
30.3 
26 
27.8 
27.3 

IAN EEB MAft APfl 

ii'-i. 
, 4 0 . 1 

4 5 . 5 

46.C 

, 4 4 . 6 
4 5 . 1 
4 7 . 6 

~i;5o 
. 8 4 

1.91 
l . t i 2 

. 6 4 

.9< 
1 .0 ; 
1 .64 
2 . 1 1 

4 2 . 1 3 . 1 3 

4 ^ . 2 l . r t l 

. 9 0 

. 4 2 

4 3 ^ 
3 6 

3 i U _ . 3 3 
4 7 . 2 
4 6 . 5 
4 2 . 2 , 6 5 
3 5 " r i 2 

4 2 , 7 

i i ^ 
43 j , l 
4 0 , 8 
STira 
4 T : , 9 , 

41_^9 

43I9 

4 2 . 6 

4 2 . 3 

4 3 , 4 

4 6 , 0 
RTS 
4 1 , 7 
4 4 . 7 

4 3 . 4 

em 
4 i . ' 
4 6 . 7 

4 2 . 8 
4 - 7 W 

4 f : 2 , 
rrrs-
4 T . 7 

s 

1 . 2 9 
. 6 8 

1 . 1 1 
. 8 8 

3 . 4 3 

3 . 7 7 
I . n o 
1 . 5 ( 1 

. 8 2 

. 7 4 

. 8 7 
1 . 1 8 

. 6 2 
1 .52 

. 9 7 

. 6 5 
1 .10 
1 .00 
1 . 2 9 
1 . 7 0 

2 . 4 2 

1 . 4 7 

. 9 1 

. 3 5 

. 7 2 

. 4 ? 

. 3 2 

. 4 4 

. 3 6 

. 5 4 

. 5 2 

. 3 8 

. 6 3 

. 2 9 

. 4 3 

. 6 1 

. 4 0 

1 .17 
. 4 2 

1 . 1 3 
. 9 2 

1 .15 
. 6 7 

3 . 0 7 

3 . 2 9 
. 9 6 

1 . 4 1 
. 7 0 
. 6 5 

. 7 3 
1 . 0 9 
1 . 0 3 
1 . 3 0 

. 6 9 

. 9 9 

1 . 5 2 

1 
1 . 8 8 

1 . 6 1 

1 . 3 5 

1 . 5 2 
. 6 5 
. 7 1 
. 4 6 

2 . 3 9 

. 5 5 
1 .34 

1 . 0 3 
1 .68 

1 . 0 6 
. 5 9 
. 7 5 

. 6 0 

. 4 4 

. 5 6 

. 7 0 

1 .23 
. 7 4 

1 . 6 9 

2 . 0 
l . n 
1 . 0 

. 7 2 

. 9 6 

. 9 7 

. 6 7 
1 . 1 7 

1 . 1 9 
1 . 1 6 

1.32 
1 .76 

. 7 8 
1 .10 
1 . 5 2 

1 .67 

1 .25 

1 . 7 3 
. 9 0 

1.12 

. 9 3 

2 . 0 1 

1 . 0 8 

. 9 1 

. 8 2 

. 7 6 

. 8 9 

. 7 9 

. 9 7 

. 7 6 

. 7 9 

. 8 1 

. 9 3 

. 9 2 

. 0 5 

. 1 7 

. 6 5 
1 .26 

. 9 8 

. 7 2 

. 6 3 
1 .00 

. 7 5 

. 9 9 

1 .40 

63 1 .05 2 . 

1.75 
1.67 
1.62 
1.61 
1.70 

2 . 2 3 
1 . 6 7 
1 . 2 9 
1 . 1 2 
1 . 8 2 

1 . 9 7 
1 . 7 9 
2 . 0 7 
1 . 5 4 
1 . 9 3 

2 . 2 1 

2 . 4 9 

1 . 5 2 

1 . 7 6 

1 . 7 9 

2 . 3 6 

1 . 8 2 

2 . 3 4 
1 . 7 4 
1 . 6 1 
1 . 6 4 
2 . 4 9 

1.77 
2 . 5 5 

1 . 6 6 
2 . 1 4 

2 . 5 6 

1 . 6 4 

1 . 9 3 

1 . 6 8 

2 . 0 0 

1.73 
1.72 
1 .53 
1.97 
1.47 

1.54 
1 .53 
1 .57 
1 . 4 2 

1 . 6 0 

1 . 6 9 

1.79 

2 . 0 5 
2 . 3 9 

1 . 9 4 

2 

2 . 1 0 

1 . 5 1 
1 . 5 6 

2 . 
2 . 
1 . 7 4 

2 . 2 1 

i.ec 
2 . 3 > 
2 . 3 2 
1 . 7 6 

JUNl JUIT AUG StPI OCT NOV D€C ANN 

1 . 8 6 

2 

1 . 6 6 
1 . 6 2 
1 . 9 9 

1 . 9 1 
2 . 3 3 
2 . 9 3 
2 . 0 6 
2 . 2 7 

2 . 5 1 

3 . 1 6 
1 . 7 3 
2 . 0 4 
1 . 9 6 

3 . 0 2 

2 . 2 6 

2 . 9 5 

2 

2 

2 

2 . 6 5 

2 . 1 1 
3 . 1 

2 . 5 7 

2 

3 . 0 3 
2 . 8 4 
2 . 7 7 
3 . 1 4 
2 . 7 6 

3 . 1 0 
2 . 7 3 
2 
2 . 6 6 

2 . 7 6 

3 . 5 1 

3 . 0 6 

3 . 1 6 
3 . 3 3 
3 . 1 7 
3 . 5 3 
2 . 9 0 

2 . 3 7 

2 . 2 3 
2 . 8 9 

3 
2 . 9 3 

3 . 4 3 
2 . 5 3 
3 . 3 9 
3 . 2 8 

1 .20 
1 .13 

. 7 9 

. 7 8 

. 7 3 
1 . 0 4 

. 6 2 

. 6 1 

. 9 1 

. 6 9 
1 . 0 0 
1 . 2 6 
1 . 0 2 

. 9 3 

. 7 8 

. 6 2 

1.27 

. 9 9 

1 . 1 4 

1 . 2 0 

1 . 3 8 

l . i 6 

1.63 
1 .30 
1 .57 
1 .33 
1 .32 

1 .57 

1 . 2 6 

1 . 3 

1 .46 
1 . 2 7 
1 .33 
1 .37 
1 .21 

1 .57 

1 . 3 9 

1 
1 .20 
1.4C 
1 
1.26 

1 .07 

1 .56 
1 .22 

1 . 4 1 

1 . 2 1 

1 . 6 5 
1 . 3 6 
1 . 4 6 

. 7 8 

. 9 6 
1 . 2 7 

. 6 4 

. 8 3 

. 9 2 

1 . 0 9 

. 9 6 

1 .04 
1 . 2 9 

. 6 9 

. 7 7 

. 6 0 

1 .33 

. 9 6 

1 . 1 7 

1.03 
. 8 3 
. 9 4 

1 .32 

. 9 3 

1 . 1 1 
1 . 1 4 

1 . 2 3 
1 .17 
1 .32 
1 .04 
1 .67 

1 . 7 8 
1 . 0 4 
1 . 1 9 

1 .02 
1 .13 
1 .22 
1 .20 
1 .23 

1 . 2 5 

1 . 6 1 

. 9 2 

1.12 
1 . 2 9 

1 . 8 9 

1 . 2 9 

1 . 5 7 
1 . 0 4 
1 . 0 6 
1 . 1 5 
1 . 4 5 

. 9 6 

1 .22 
1 .17 

1 . 9 6 
1 . 0 0 
1 . 3 6 
1 . 0 6 
1 . 0 7 

1.02 
1 .11 
1 .03 

1 .57 
1 .02 
2 . 8 4 

3 
1 .24 
1 . 9 7 

1 . 0 6 
. 9 6 

. 9 9 

1 . 2 1 

. 9 6 
1 
1 . 2 9 

1 . 2 0 

1 . 2 9 

. 9 4 

1 . 5 0 

2 . 0 7 

2 . 6 4 

1 . 6 3 

. 7 6 

. 7 2 
1 . 6 6 

. 6 7 
1 . 3 8 

. 6 7 
1 . 6 3 

1 .74 
1 .23 
1 .18 
1 .23 
1.14 

1 .15 
1.3 
1 .34 
1.11 1 
1.21 . 9 2 

1 . 1 3 . 9 3 
1 . 1 0 1 . 0 1 
1 . 2 6 . 9 9 
1 . 1 2 ] . 9 0 
1 . 0 6 1 . 0 5 

1.21 

1 .25 

1 . 2 4 

l . O U 

1 . 1 9 

1 . 4 4 

1 . 2 6 

. 6 9 

. 6 9 

1.41 
. 9 7 

1.51 

1 .15 

1 .11 

1 . 2 4 
1 . 3 6 

. 9 6 
1 . 7 2 
1 . 2 0 

. 8 6 

. 9 5 
1.12 
1 . 4 4 

. 6 9 

1.22 
. 9 6 

1 . 2 7 
1 .38 
1 .12 

3 . 0 5 1 . 3 2 1 . 1 7 1 . 2 3 . 9 1 . 7 0 l 

. 7 1 

. 5 7 

. 7 9 

. 7 4 

. 5 4 

. 7 6 

. 6 3 

. 7 0 

1 .23 
. 7 3 

. 4 9 

. 6 6 

. 7 3 
1 . 0 7 

. 8 7 

. 7 3 

. 8 2 

. 6 0 

1 . 6 7 
. 8 4 

1 . 5 5 
1 . 0 8 
4 . 0 0 

4 . 4 1 
1 . 4 3 
2 . 3 4 
1 . 2 0 

. 9 3 

. 9 0 
1 . 4 4 

. 8 2 
2 . 1 9 
1 . 1 7 

1.01 
l .OB 
1 .10 
1 .58 
2 . 4 1 

3 . 0 6 

1 . 6 7 

. 4 3 

. 3 1 
2 . 3 8 

. 3 5 

. 6 7 

. 6 0 
1 . 1 9 

. 5 7 

1 . 6 2 
. 7 6 

1 . 6 0 
1 . 0 4 
4 . 6 6 

4 . 9 6 
1 . 3 3 
2 . 3 7 
1.06 
1 .12 

1 . 0 8 
1 . 7 3 

. 7 6 
2 . 1 2 
1 . 1 6 

. 9 0 

. 9 1 

1 . 2 0 
1 . 6 0 

2 . 

3 . 2 6 

1 . 9 6 

1 5 . 6 9 
1 3 , 2 2 
1 7 . 6 3 
1 2 . 2 2 
3 1 . 3 2 

3 4 . 3 4 
1 5 . 4 2 
1 6 . 4 7 
1 1 . 4 6 
1 2 . 7 8 

1 2 . 8 3 
1 5 . 9 5 
1 4 . 9 7 
1 8 . 6 4 
1 5 . 0 3 

1 5 , 1 0 

1 8 , 6 9 

1 2 , 7 1 

1 6 , 3 5 

2 0 , 6 0 

2 8 , 0 6 

1 8 , 6 6 

, 3 3 
, 7 3 

1 7 . 3 8 
1 1 , 4 6 
1 1 , 3 4 
1 0 . 5 7 
2 5 . 8 4 

1 0 , 5 0 

, 4 0 
. 2 5 

1 3 . 9 5 
2 1 . 2 2 

1 9 . 5 5 
1 2 . 0 6 
1 4 . 6 1 
1 2 . 5 2 
1 1 . 4 5 

1 2 . 1 8 
1 1 . 5 3 
1 1 . 6 1 
1 1 . 7 2 
1 1 . 2 5 

1 2 . 3 0 
1 1 . 8 9 
1 1 . 8 4 
1 0 . 2 0 
1 1 . 2 7 

1 2 . 7 6 

1 2 . 5 6 

1 3 , 6 3 
1 4 , 2 7 
1 2 , 5 7 
1 7 , 4 9 
1 4 , 0 7 

9 , 6 6 

1 0 , 8 5 

1 2 . 4 9 

1 6 . 5 2 

1 1 . 9 0 

1 3 . 7 3 
1 0 . 9 3 
1 4 . 9 6 
1 8 . 4 6 
1 2 . 8 5 

- 7 5 1 -



/ C ^ ^ A J T 2- -0-

• NORMALS BY CLIMATOLOv ^AL DIVISIONS 

MJOJAZ^SJS/A. 
STATIONS • 

(By Divisions) 

Token from "Climotography pf the Uniied States No. 81-4, Decennial Census of U. S. Climate" 

^jQ^f-r . TEMPERATURE ("F) _ ^ ^ ^ _ _ PRECIPITATIONiln j 

f(b 

SOUTH CENTRAL 

B A L L A N T I N E 
10 11M8ER 

•""BILLINGS WATER PLANT 
M-BILLINGS wSO 

- ^ I I S B Y 

COLUMBUS 
.-CBOW AGENCY 
•*^UNTLEY EXP STATION 
..4riVINGST0N 

MYSTIC LAKE 

R A P E L J E 4 S 
—«E0 LODGE 

DIVISION 

NORTHEASTERN 

—CIRLE 7 N 
- , < U L B E R T S O N 
•*RA2EP 

—GLASGOW WSO 
—GLENDIVE 

HAyflY 18 SW 
JORDAN 
LUSTRE 4 NNW 
MEDICINE LAKE 3 SE 

.-POPLAP 

"LAVAGE 

^VIDA 

OIVISION 

SOUTHEASTERN 
PV^BAKER 

-MpCOLSTPtP 
—fKALAKA 
^UMILDRED 
••MILES C I ' Y FAA AIRPORT 

PLEVNA 

OIVISION 

2 1 . 8 
27 
2 3 . 7 
2 3 . 2 
17.9 

22 
19 
2 0 . 3 
25 
23.9 

23 .5 
21.7 

13.1 
9 

1 2 . 6 
1 2 . 6 

1 7 . 
1 5 . 
1 6 . 

1 4 . 7 

1 7 . 8 

FEB MAP APR MAY JUNE JUIY AUC tEPI OCT Mt^V 0£C ANN IAN fEB MAR APR MAY JUNE JULY A u V SEPT OCI NOV OEC ANN 

2 5 . 5 
2 9 . 7 
2 7 . 4 
2 5 . 7 
2 1 . 7 

26 .3 
24 
23 
28 
2 5 . 1 

25 .9 
23 

1 6 . 5 
1 3 . 4 

1 6 . 6 
1 5 . 6 

24.5 
20 

1 7 . 4 

2 1 . 5 

3 4 . 3 
3 5 . 1 
3 4 . 9 
3 3 . 7 
3 1 . 0 

3 3 . 7 
33 
32 
3 3 . 3 
2 6 . 9 

32 .1 
28 

2 7 . 3 
2 5 . 5 
2 5 . 6 
26 
30.5 

28 .9 

28 .2 
26 .6 

28 .8 
29 .6 
30, 

27 .2 

30 .4 

45,8 
46 .9 
46 .0 

43 
39.3 

42.8 
42 ,6 

44 ,4 
43 .3 

42 .7 

44 .4 

5 6 . 7 
5 6 . 6 
5 4 . 1 

5 5 . 2 
5 6 . 5 
5 9 . 6 
52.6 
4 7 . 5 

5 3 . 2 
48 

5 4 . 1 
5 4 . 9 
5 5 . 2 
5 5 . 1 
68.4 

5 5 . 1 

5 6 . 3 
5 5 . 2 

5 5 . 1 
5 4 . 4 
5 6 . 4 

5 4 . 3 

5 5 . 4 

64 .7 
61 .9 
63 .9 
6 5 . 1 
6 2 . 1 

62 .0 
64 .2 
63 
59 
54 .2 

60 
5 5 . 6 

62 .0 
62 .6 
62 .8 
62 .3 
66 .3 

62 ,7 

6 4 . 3 
6 2 . 5 

7 3 . 0 
70 
72 
7 4 . 7 
7 1 . 0 

70 
7 2 . 5 
71 .2 
66 .6 
63 .4 

69 .9 
64 .7 

70 .0 
70 
71 
70 .7 
74.7 

7 1 . 8 

7 2 . 0 
7 1 . 2 

53 
62 
64 .7 
65 .6 75 .3 

72 
71 .6 

62 .6 

63 .6 

71 .5 

72.6 

70.6 
68 ,7 

71 ,9 
66 

68 
66 
62 .0 

66 
6 2 . 5 

67 .8 
68 .2 
66 ,7 
67 ,8 
72 ,0 

69 ,5 

69 ,5 
69 ,2 

69 ,7 

70 ,4 

5 8 . 7 
5 9 . 2 

59.8 
98.7 
59 .6 
6 1 . 

5 9 . 

5 9 . 

4 7 . 6 
4 6 . 2 
4 5 . 1 

48 .0 
44 .7 

4 5 . 5 
45 

47 .0 
46 .7 

3 6 . 1 
3 9 . 1 
3 2 . 3 

3 4 . 7 
3 4 . 1 
3 3 . 6 
3 5 . 6 
3 3 . 0 

3 4 . 
3 2 . 

29 .6 
27 
27 
26.2 
3 2 . 5 

3 1 . 6 

30.3 
29 .7 

34 
3 1 . 1 
31 

4 6 . 4 3 0 . 0 

47 .61 3 2 . 2 

2 7 . 0 
3 1 . 7 
2 6 . 9 
2 6 . 4 
2 3 . 7 

27.3 
25 .7 
25 .6 
30 .0 
27 .9 

2 6 . 
2 6 . 

2 0 . 5 
17 

17.7 
22 .6 

2 0 . 4 
2 0 . 5 

26 .6 
23 .7 

4 7 . 2 
4 T r » 
*X-4 
4 X J 
4 4 . 3 

4 6 . 1 
i r ? 
45 

4 5 . 5 
4 1 . 6 

42 .2 

4 1 . 2 
4 T . 4 
tTTB 

4 4 . 0 

^2..6 

M-2 
4 4 . 1 
4 ^ . 7 
4!r^6 

2 1 . 1 4 3 . 0 

2 3 . 8 4 4 . 9 

.54 

.36 

. 5 1 
1 .25 

.27 

.34 

.47 

.29 

.30 

. 3 3 

. 6 0 

. 3 5 

. 3 1 

. 1 7 

. 6 0 
1 . 0 5 

. 7 6 
1 .05 

.62 

. 6 5 
I . I U 

. 7 7 

.92 
2 .34 

. 8 2 
1.71 

1 .00 
. 6 2 

1 .01 
1 . 4 9 
1.3A 
1.31 
1 . 1 5 

1.5C 
1 .71 
1 .06 
1.21 
2 . ( A 

1 .18 
2 . 6 5 

. 9 1 

. 9 4 
1 . 0 9 
1 .01 
1 . 0 3 

1.12 
.91 
.81 
.92 
. 6 7 

1.1 
1 .32 

1.11 
1 .05 
1 .06 

1.1 

1 .17 

1.68 
2 . 5 4 

1.99 

2 . 3 4 
1.94 
1 .77 
1.96 
3 . 2 4 

2 . 1 5 
3 . 0 7 

1.45 
1.60 
1 .48 
1 .49 
1 .60 

1.62 
1 .38 
1 .38 
1.55 
1 .47 

1.61 
1.70 

1 .68 

1.86 

2 . 5 3 
2 . 5 5 
2.80 
2.65 
2.42 

2 .79 
2 .59 
2 
2 .25 
3.39 

2.93 
3.36 
3 .19 
2 .98 
3 . 1 7 

3.26 
2 .46 
2 .93 
3.30 
3 .19 

5.3U 
3.42 

3.09 

3.24 
2.94 
2 .96 
2 . 6 
2 . 7 1 

2.95 

2 . 8 1 

. 90 
1.07 

.89 

. 6 4 
, 76 

1.07 
2. 

1.02 
1.39 

1 . 3 2 
1 .22 

2 . 0 9 
1 .91 

1.61 
1 .23 
1 .90 
1 .64 
1 .34 

1 .7 

1 .48 

.89 
1.10 
1.06 

.90 
1 .10 

.76 

.95 

.86 
1 .18 
1 .77 

1 .06 
1 .16 

1.22 
1 .49 
1 . 3 5 
1 .49 
1 .46 

1 .37 
1 .05 
1 .60 
1 .48 
1 .54 

1 .54 
1 .36 

1 .37 
1 .22 
1 . 3 9 
1 .34 
1 .24 

1 . 2 2 

1 .17 

1 .04 
1 . 3 9 
1 . 2 7 
1 .19 
1 .06 

1 .23 
1 .29 
1 . 0 4 

1 .12 
1 .71 

. 90 

1.10 
.79 
.99 

1.06 
.93 

1.10 
1 .10 

1 . 
1 .19 
1 .01 

.89 

.96 

.97 

.96 

. 8 9 
1 . 0 9 
1 .14 
1 . 0 9 

.90 

1.12 
1 . 2 3 

. 9 3 
l .OB 
1 . 5 3 

1 .00 
1 .42 

.72 
1.22 

.74 

.77 
,87 

.80 

11.58 
14.36 
13.40 
13.23 
12.03 

13.26 
14.44 
11.48 
13.11 
2 4 . 0 ! 

12.95 
20.02 

. 2 5 11 .11 

. 3 2 12.94 
12.92 
12.27 
12 .79 

12.90 
10.31 
11 .42 
12.77 
12.58 

13.41 
15.24 

12.95 
15 .13 
13.22 
12.36 
12.17 

12.60 

12.79 

' Normals lor the perltxl IRiulottO. l>lvlBlonal mirmals mAy A« be the arlthmetlCBt Rverane oT 
IntllvldudI fliillonit puhllshett Rlnce Rddlflonil i n a (or ahortei peilod nRilont are used to oljiain better 
Yteal TcpYcKenlaiton. _ , . . . „ _ . _ 

C O N F I D E N C E - L I M I T S 

In the a b s e n c e of t r e n d o r r e c o r d c i i s n g e s . the c h a n c e s a r c 0 oul o t 10 that the t r u e m e a n will l ie in t h e i n t e r v a l f o r m e d by adt i lns and 
s u b t r a c t i n g the va lue s in lht> fo l louinj . t a b l e f r o m t h e m e a n s for any s t a t i o n in the S t a l e . Hecou.lc of llie w ide r v a r i a t i o n in m e a n p r e 
c i p i t a t i o n , thu' c o r r c s p o n t l l n i ; monthly m e a n s and annua l mean m u s t be s u b s t i t u t e d for " p " in the p r e c i p i t a t i o n t ab le below lo ob ia in 
mean p r e c i p i t a t i o n conf idence l i n i i l s . 

3 . 2 2 . 8 I . S 1 ,2 1.2 

. 3 . I f r / n . 1 5 A . ISvTp . 1 9 / p . 2 5 ^ f t . 2 * / l l . 2K'p | . 26yp . 27> / f i . 2 i / l l . 2(Vri . l » / l 1 . 5 

1.7 2 . 1 . 7 . 1 5 N ' P | . 1 4 V ^ . 1 » / [ . 

W e s t e r n aiid S o u t h w e s t e r n D i v i s i o n s 

All O t h e r D i v i s i o n s 

22,/p 

23vfj. 27./P .32>ji(. 2flvjj(. 2 5 v i j . 2!>/p . 25v^| . 1 9 \ | j . 17v/p(. 24N/ii 

C O M P A R A T I V E I3A T A 

Data in the following t ab le a r e the m e a n t e m p e r a t u r e and a v e r a g e p r e c i p i t a t i o n for Bozeman A g r i c u l t u r a l C o l l e g e . Montana for the 
p e r i o d 1906-1930 and a r e included in th i s pub l ica t ion for c o m p a r a t i v e p u r p o s e s . 

l i s . 4 I23.O b o . 4 140.6 148.6 157.0 |64 . 5 162 .5 IsZ. 9 | 4 2 . 7 b l . 4 I 2 1 . 3 I 4 1 . 2 l o . 9 3 l o . 71 11 . 1 4 | l . 6 g I s . O S I z . S ? 11 . 56 1 1 . 1 8 1 1 . 96 1 1 . 6 7 l l . 15 l o . 9 0 1 1 8 . 5 1 . 
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•MEAN TEMPERATURE AND PRECli..ATION 

KIEV/, 

/ l / iF l^^ DJi 

45 

^ BTAnOH 

IfORTHVESTCnN 

CMLSOII C I T T 
n P I R S 
FALLOII H P STATIOII 
OOtCOJTDA 
IHLAY 
LAHOMTAR DAM 
LOVtLOCX 
MIlfDEH 
OaOVADA 
PAAA0I3E VALLIT 1 KW 
RCRO VB AP 
SAITD PASS 
SMITH 
•INKEMUCCA I B AP 
TEBIKCTOM 

D i v i s i o n 

KOBTBEASTERN 

ARTHUR 5 1 " 

Aust in 
•V. ELKO re AP 
• ' — E L Y »B AP 

KIHBERLT 
LAUOIUAE PB 

%. —KC O I L L 

% ^ ICOHTELLO 
OWTHZt 

D I V I 3 1 0 K 

A O A V E K 

CALlEJfTE 

mnA 
scmrai 

OIVlStOM 

ALAKO 
BIATTT 
BOUUJER C I T T 
LAS VEGAS « a AP 
SEARCHLIGITT 

O I V I S I O N 

JAHUAIIT 

H 

3 1 . 7 
3 0 . 2 
2 9 . 0 

3 1 . e 
3 0 . 0 
3 0 . 8 

3 1 . a 
2 9 . 7 

2 7 . 8 
3 0 . 9 

3 9 . 9 

2 7 . 9 

ai.9 
3 3 . 0 
3 i . 3 
2 5 . 3 
2 6 . 0 
2 3 . 3 

2 4 . 1 

2 8 . S 
3 0 . 0 
3 1 . 8 
3 3 . 3 

3 9 . 8 

4 5 . 3 
4 4 . 2 

4 2 . 7 

— 

] 
a . 2 1 

. 6 3 

. 5 7 

. 6 6 

. 7 3 

. 4 7 

. 6 3 
1 . 3 6 
1 . 1 4 
1 . 3 7 
1 . 0 4 
1 . 0 1 

. 8 8 

.«< . 5 9 

1 . 1 3 

3 . 0 9 
1 . 3 1 
1 . 0 1 

. 9 4 
1 . 5 5 
1 . 4 6 

. 7 0 

. 5 7 
1 . 3 8 

1 . 1 3 

1 . 9 4 
. 8 9 
. 3 4 
. 5 8 

. 5 7 

. 7 9 

. 6 8 

. 7 4 

. 4 4 

.•« 

. 6 7 

T m U A H T 

1 
H 

3 9 . 9 
3 5 . 4 
3 9 . 5 

3 9 . 7 
3 9 . a 
3 9 . 7 

3 9 . 3 
3 5 . 4 

3 4 . 3 
3 5 . B 

3 4 . 6 

3 0 . 9 
3 6 . 4 
2 6 . 1 
2 7 . 0 
2 8 . 3 
3 9 . 8 
2 9 . 9 

2 9 . 3 

3 1 . 1 
3 5 . 7 
3 6 . 6 
3 7 . 3 

3 4 . 3 

4 9 . 9 
5 0 : 4 

4 7 . 3 

1 
1 

1 . 7 0 
. 7 9 
. S 6 
. 6 0 
. 6 4 
. 5 9 
. 7 1 

1 . 3 6 
1 . 1 4 
1 . 0 0 
1 . 0 5 

. 8 0 

. 9 6 
1 . 0 1 

. 5 6 

. 9 8 

I . TO 
1 . 3 3 

. 9 5 

. 0 0 
1 . 5 8 
1 . 5 6 

. 6 4 

. 3 8 
I . IB 

.SB 

1 . 5 8 
. 8 0 
. 2 6 
. 5 7 

. 5 5 

. 7 1 

. 7 3 

. 6 0 

. 5 6 

. 8 6 

. 9 , 

MAKCH 

• 

H 

4 1 . 2 
4 3 . 0 
4 3 . 1 

4 3 . 6 
4 2 . 5 
4 1 . 0 

4 0 . 6 
4 3 . 4 

3 0 . 4 
4 1 . 7 

3 0 . 6 

3 5 . 4 
3 6 . 1 
3 5 . 3 
3 3 . 5 
3 4 . 8 
3 5 . 6 
3 7 . 2 

3 4 . 4 

3 7 . 0 
4 3 . 6 
4 3 . 3 
4 3 . 5 

3 0 . 7 

5 6 . 4 
5 6 . 5 

5 3 . 5 

1 
\ 

1 . 3 3 
. 5 3 
. 5 5 
. 7 0 
. 6 0 
. 3 4 
. 5 4 
. 9 1 

1 . 0 4 
. 7 0 
. 7 0 
. 5 3 
. 5 7 
. 8 6 
. 4 1 

. 6 3 

1 . 6 7 
1 . 5 0 

. 6 0 
1 . 2 9 
1 . 6 1 
3 . 0 1 

. 7 7 

. 3 6 
1 . 2 5 

1 . 0 3 

1 . 5 0 
. 9 2 
. 3 1 
. 4 4 

. 6 2 

, 7 4 
. 5 4 
. 5 5 
. 3 5 
. 8 5 

. 4 9 

APIUL 

1 
J 

4 8 . 1 
9 1 . 0 
5 0 . 4 

9 3 . 4 
9 1 . 1 
4 8 . 4 

4 7 . 7 
5 0 . 9 

4 6 . 8 
4 9 . 8 

4 8 . 1 

4 3 . 7 
4 4 . 6 
4 3 . 7 
4 2 . 6 
4 3 . 4 
4 4 . 9 
4 8 . 9 

4 3 . 8 

4 0 . 0 
5 3 . 9 
9 2 . 0 
3 > . 3 

4 9 . 0 

6 9 . 8 
8 5 . 6 

. 3 . 9 

1 
1 
. 5 6 
. 4 4 
. 5 1 
. 5 3 
. 6 1 
. 3 7 
. 5 3 
. 5 6 

1 . 2 5 
. 6 6 
. 4 6 
. 4 7 
. 4 9 
. 6 3 
. 3 7 

. 6 3 

1 . 4 1 
1 . 5 5 

. 9 3 
1 . 3 0 
1 . 3 5 
3 . 6 7 
1 , 0 3 

. 5 9 
1 , 3 5 

1 . 1 5 

1 . 1 3 
. 7 4 
. 4 2 
. 4 6 

. 6 4 

. 5 8 

. 4 3 

. 3 6 

. 3 4 

. 3 6 

. 2 8 

MAT 

1 
H 

9 9 . 1 
5 8 . 7 
S I . 5 

6 0 . 3 
5 0 . 0 
5 5 . 3 

5 5 . 3 
5 7 . 7 

5 5 . 0 
5 6 . 3 

5 5 . 3 

5 1 . 3 
5 3 . 0 
8 1 . 7 
5 0 . 5 
5 1 . 3 
5 3 . 3 
5 5 . 1 

5 1 . 3 

5 3 . 7 
6 0 . 5 
6 0 . 5 
5 8 . 7 

5 6 . 6 

7 3 . 0 
7 4 . 1 

7 0 . 7 

1 
1 
, 4 6 
. 6 8 
. 6 1 
. 6 0 
. 8 3 
. 4 4 
. 4 6 
. 4 3 

1 . 5 1 
. 8 5 
. 4 8 
. 5 0 
. 4 9 
. 8 4 
. 5 1 

. 7 5 

1 . 5 8 
1 . 3 3 

. 9 5 
1 . 1 6 

. 0 4 
3 . 1 7 

. 6 0 

. 7 6 
1 . 6 4 

1 . 1 2 

. 7 6 

. 5 1 

. 4 0 

. 6 3 

. 3 7 

. 4 0 

. 3 0 

. 1 3 

. 1 6 

. 1 5 

. 1 4 

•JUKI 

1 
J 

6 1 . 0 
6 6 . 0 
« 4 . 3 

6 7 . 9 
6 6 . 1 
6 2 . 0 

6 1 . 5 
« 4 . 7 

6 4 . 0 
6 2 . 6 

6 2 . 3 

5 9 . 3 
6 0 . 3 
5 9 . 6 
5 9 . 1 
5 6 . 5 
6 1 . 8 
6 3 . 9 

5 8 . 7 

6 1 . 8 
6 8 . 3 
6 8 . 9 
6 5 . 5 

6 4 . 4 

6 3 . 2 
8 3 . 8 

7 8 , 6 

£ 

. 3 6 

. 5 8 

. 4 2 

. 6 1 
, 6 7 
. 3 8 
. 6 3 
. 4 8 

1 . 2 1 
, 8 3 
. 4 3 
. 4 3 
. 5 4 
. 7 9 
. 5 0 

. 5 6 

1 . 3 4 
. 6 5 
. 7 0 
. 5 0 
. 6 7 

1 . 4 8 
. 6 5 
. 6 5 

1 . 3 3 

. 8 6 

. 5 5 

. 3 6 

. 2 7 
, 4 3 

. 2 4 

, 1 8 

.« . 0 6 

. 1 3 

. 1 0 

. 0 0 

lUIT 

1 
I 

6 0 . 6 
7 6 . 1 
7 2 . 4 

7 7 . 0 
7 5 , 1 
6 0 . 5 

6 0 . 6 
7 3 . 1 

7 4 . 3 
7 0 . 3 

7 1 . 4 

7 0 . 0 
1 0 . 3 
6 8 . 4 
6 9 . 1 
6 9 . 1 
7 1 . 4 
7 3 . 4 

6 8 . 4 

6 9 . 9 
7 8 . 0 
7 8 , 3 
7 3 , 4 

7 3 . 4 

8 9 . 1 
9 0 . 5 

8 6 . 3 

.1 
"8 
lE 

. 1 6 

. 1 7 

. 1 7 

. 1 6 
, 1 0 
. 1 1 
. 1 3 
. 3 3 
. 2 6 
. 3 2 
. 2 3 
, 1 6 
. 3 4 
. 3 1 
. 2 3 

. 2 1 

. 5 7 

. 5 7 
. 3 7 
, 5 5 
. 9 0 
. 7 4 
. 7 6 
. 6 3 
. 3 6 

. 5 1 

1 . 0 3 
. 8 4 
, 3 4 
. 3 8 

. 6 8 

. 8 0 

. 3 3 

. 6 2 

. 4 6 
1 . 1 0 

. 4 6 

AUGUST 

\ 

I 
6 7 . 6 
7 4 . 0 
6 0 . 9 

7 6 . 3 
7 3 . 5 
6 7 . 7 

6 7 . 4 
7 1 , 0 

8 0 . 7 
6 8 . 6 

6 0 . 3 

6 8 . 5 
6 7 . 6 
6 6 . 3 
6 6 . 0 
6 7 , 4 
6 0 . 6 
6 9 . 5 

6 6 . 3 

6 7 . 9 
7 4 . 0 
7 5 . 7 
7 1 . 7 

7 1 . 3 

6 7 . 0 
8 8 . 4 

8 4 . 2 

1 
1 
. 0 9 
. 1 3 
. 1 3 
. 0 6 
, 1 0 
. 1 1 
. 1 4 
, 3 1 

. 1 1 

. 1 4 

. 3 3 

. 0 7 

. 3 6 

. 1 0 

. 1 6 

. 1 4 

. 4 3 

. 4 6 
. 3 0 
, 6 9 
. 6 8 
. 5 0 
. 7 4 
. 4 8 
. 3 5 

. 4 1 

1 . 1 5 
1 . 0 6 

, 2 5 
. 1 9 

. 5 3 

, 6 3 
, 3 6 
. 6 6 
. 5 3 

1 . 0 7 

, 4 6 

1 
1 

• 1 . 3 
6 9 . 6 
9 3 : 0 

8 7 . 0 
9 4 . 7 
6 0 . 8 

8 0 . 9 
6 9 . 9 

9 9 . 9 
6 1 . 3 

6 1 . 9 

9 0 . 7 
5 7 . 9 
5 7 . 9 
9 6 . 6 
9 6 . 1 
9 1 . 1 
9 9 . 0 

9 7 . 7 

9 1 . 4 
6 9 . 1 
9 6 . 4 
9 3 . 6 

6 3 . 6 

9 1 . 3 
6 0 . 7 

7 7 . 3 

1 
1 
. 3 9 
. 1 5 
. 3 0 
. 2 2 
. 2 1 
. 3 4 
. 2 0 
. 1 7 
. 4 0 
. 3 1 
. 3 2 
. 1 9 
. 1 5 
. 3 4 
. 3 3 

. 3 1 

. 5 5 

. 4 0 
. 3 9 
. 6 8 
. 7 1 
. 7 6 
. 5 3 
. 3 7 
. 4 0 

. 4 4 

. 5 5 

. 5 3 

. 1 4 

. 3 0 

. 3 8 

. 3 3 

. 1 8 

. 5 3 

. 3 4 

. 7 7 

. 3 6 

OCTOSKl 

H 

5 1 . 4 
5 4 . 2 
5 1 . 7 

5 5 . 6 
5 3 , 3 
5 1 . 2 

5 0 . 7 
5 3 . 9 

4 8 . 6 
5 1 . 3 

5 1 . 3 

4 9 . 5 
4 7 . 4 
4 6 . 9 
4 7 . 6 
4 8 . 4 
4 9 . 4 
4 9 . 0 

4 7 . 4 

5 0 , 1 
5 4 . 1 
5 4 . 3 
5 3 . 7 

5 3 . 7 

6 8 . 0 
6 7 . 4 

6 5 . 5 

1 
1 
. 7 0 
. 5 0 
. 5 0 
, 5 5 
, 6 9 
. 4 0 
. 5 4 
. 5 6 

1 . 0 5 
. 6 6 
. 5 5 
. 4 5 
. 4 9 
. 7 9 
. 4 0 

. 6 5 

1 . 1 1 
1 . 1 1 

. 8 1 

. 6 3 

. 9 0 
. 1 . 4 8 

. 7 9 

. 4 4 
1 . 0 5 

. 7 6 

. 9 6 

. 8 5 

. 3 9 

. 4 4 

. 4 8 

. 4 7 

. 3 0 

. 3 4 

. 3 3 

. 4 1 

. 3 6 

NOVKMBin 

" T l 

• -

4 0 . 3 
4 0 . 5 
3 9 . 4 

4 2 . 3 
4 0 , 3 
4 0 . 0 

4 0 . 3 
3 0 . 8 

3 7 . 6 
• 3 9 . 4 

3 0 . 6 

3 7 . 6 
3 4 . 5 
3 5 . 3 
3 5 . 0 
3 6 . 0 
3 6 . 0 
3 4 . 0 

3 5 . 1 

3 8 . 9 
4 1 . 7 
4 1 . 6 
4 1 . 3 

4 0 , 5 

9 5 . 5 
5 3 . 9 

5 3 . 4 

1 
1 

1 . 2 4 
. 5 6 
. 3 5 
. 6 9 
, 5 8 
. 3 0 
. 4 3 
. 0 3 
. 9 6 
. 0 0 
. 6 4 
. 6 1 
, 7 5 
, 8 4 
. 4 5 

. 6 1 

1 . 4 7 
. 0 1 
. 9 3 
. 6 0 
. 8 7 

1 . 6 1 
. 6 0 
. 6 1 

1 . 0 6 

. 9 4 

. 8 7 

. 6 3 

. 3 1 
, 4 0 

. 4 8 

. 3 6 

. 3 8 

. 3 8 

. 3 3 

. 4 1 

. 3 3 

1 
J 

3 4 . 3 
3 3 . 5 
3 3 . 6 

3 4 . 7 
3 3 . 3 
3 3 . 0 

3 3 . 2 

.i^-* 
3 0 . 0 
3 2 . 7 

3 3 . 6 

3 1 . 7 
3 6 . 9 
2 8 . 9 
3 6 . 0 
3 8 . 7 
2 9 . 0 
3 7 . 0 

3 7 . 4 

3 1 . 0 
3 3 . 4 
3 4 . 3 
3 4 . 5 

3 3 . 5 

4 7 . 8 
4 6 . 0 

4 4 . 6 

\ 

3 . 4 6 
. 6 5 
. 6 0 
. 8 0 
. 7 8 
. 5 8 
. 6 5 

1 . 8 7 
1 . 3 1 
1 . 1 5 

. 0 4 
1 . 3 3 
1 . 3 3 
1 . 0 0 

. 6 3 

1 . 4 2 

1 . 6 5 
1 . 3 4 
1 . 0 5 

. 6 6 
1 . 5 8 
1 . 7 3 

. 7 0 

. 6 0 
1 . 3 8 

1 , 3 1 

1 . 3 0 
. 0 9 
. 3 4 
. 6 9 

AJfKUAL 

I 
I 
4 0 . 9 
5 3 . 3 
5 0 . 6 

5 3 . » 
5 1 . 0 
4 0 . T 

4 0 . 5 
5 1 . 3 

4 0 . 1 
5 0 . 1 

4 0 . 7 

4 7 . 3 
4 5 . 7 
4 5 . 3 
4 5 , 1 
4 5 . 0 
4 7 . 5 
4 7 . 2 

<B ^̂.—""̂  
4 8 . 2 
5 3 . 0 
5 3 . 6 

!J4^ 

1 
1 . 

1 1 . 5 0 
6 . 1 6 
5 . 3 4 
6 .3C 
6 . S 4 
4 . 3 ) 
5 . 7 6 
I .OA 

1 1 . 2 1 
8 . 7 1 
6 . 0 8 
6 . 3 3 
7 . 3 4 
8 . 7 5 
5 . 3 1 

8 . 4 3 

1 5 . 4 4 
1 3 . 3 5 

0 . 1 3 
1 0 . 5 3 
1 3 . 5 4 
1 8 . 1 6 

0 . 6 * 
6 . 3 3 

1 3 . 5 3 

I l 0 . 4 6 

1 3 . 0 0 

o.n 
3 . 5 7 
5 . 3 0 

• " ( K " J ^ 6.3J 

. 6 9 

. 6 3 

. 6 1 

. 5 8 

. 0 5 

. 5 2 

" -

6 8 . 0 
6 6 . 8 

6 3 . 8 

0 . 1 6 
4 . 5 0 
5 . 3 0 
4 . 3 3 
7 . 0 0 

4 . 5 6 

• Av*rftc«s (or period 1031 - 1055, •xocpt for atatloos parked WB whtcb u-e "aorakls" bused on pvrlod 1021 - 1050. OlvlalonAl Bsans akr (Wt b« tha Krlthmalical •v«ra|* ot In
dividual atatloBS publlaltad, atoea additional data froa aborter parlod atatlona ara uaed to obtain battar araal rapraaentatlon. 

; J 

COKriDERCE L1IIIT3 
l a tho •b.iet.co ol t r e a a or r e r o r a ch.i>se». Ih" c a . a e r a . r . 9 out of 10 I b . t tOc t r u e . e . a . i l l t i . In the l a t e r v . l tocmoU by ada.ni! . ad 
a u b i r . c t l n g l b . v i l u e s lo tbo l o l l o . t o n t . b l e f r o . t b . . . . o s for . a ; . l . t l o a l a the 3 1 , t » . Dec.uoc ot the . I d c r v . r l . l l o a la - e . r p r e -
C l p ' i ' t l o n ; tbe eorrespontl ini , mat l>ly o c . n s .nd aaau . I » e , a i«.Bt bo a u b a l l t u i e d for -p" la the p r o r l p l t . t l o a t . b l o b r i o , to ob ta in Bo.a 
p r e c i p i t a t i o n c o & r i d e n c c 

2 . 3 . 2 7 ^ 1 . 9 . 2 9 , ^ 

l l n i 

1 . 2 

n . 

. 2 4 V B 1 . 1 . 2 3 ^ 1 . 1 . 2 6 ^ ^ 1 . 1 . 2 4 v ^ . 6 . 2 2 V C .7 .27*^ i.o Lao-^ '.28 v t UBV; 1.5 . 2 7 ^ . 5 126vt 

D&ta In the following tabic ar« the 
in lhl8 publication t o r conparailve purposan: 

COWPARATIVE DATA 

onperature and average pracipitation Xor Fallon, Novada (or th« period 1906-1930 and are inoludod 

3 0 . 0 . 6 0 3 6 . 7 . 4 5 4 3 . 3 e i . o t -33 50.4 .37 39,0' .33 .S3 50.8 

-784 

' 

J 
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• NORMALS BY CUMATOLOGICAL DIVISIONS 
Taken (rom "Cl imotography of the United States No. 81-4, Decennial Census of U. S. Cl imate" 

f/£'l^/ Af£y(/ClC> Q TEMPERATURE ( T ) PRECIPITATION (In.) 
STATIONS 

_(By DivuioiuJ_ 

NORTHWESTERN PLATEAU 

AZTEC RUINS NAT HON 
—Bl.OOMflEl.0 3 SE . 

ruNl FAA AIRPORT 

0 1 V I S I ON 

NORTHERN .MOUNTAINS 

-A890TI 2 SE 
^BANDELIER NAT MON 

'-Bt.ACIC t.A<E 
•<ERRO A NE 
_CMACON 

—CHAMA 
•*-<lMARROW 
,-DES .MOINES 
.EAGLE NEST 

-El . RITO 

^ilEMEZ SPRINGS 
^J.AS VEGAS 2 NW 

^__LOS ALAMOS 
^ • E C O S RAHOER STATION 
*-PENASCO HANGER STATION 

REO RIVER 
—SANTA FE 
—lAOS 

4.IERRA A M A R I L L A 4 NNW 
TRES PIEORAS 

VALMORA 
.-WOLF CANYON 

OIVISION 

NORTHEASTERN PLAINS 

^ ^ M I S T A D I SSW 
9ELL RANCH 

^CLAYTON WSO 
^CLOVIS 
_ E L 1 0 A 

-MELROSE , 
—MOSOUERO 
—ttEWKlRIt' 

. —PASAMONTE 
—.PORTALES 

—ROY 
^ 'AN JON 

^.SPRINGER 
-6 IEA0 
—TUCUMCARI 3 NE 

DIVISION 

SOUTHWESTERN MOUNTAIN 

AUGUSTINE 
FORT BAYARD 
LUNA RANGER STATION 

'F.IMSRES RANGER STATION 
PINGS ALTOS 

OUEMAOO RANGER STATION 
RESERVE RANGER STATION 
WINSTON 

29.0 

i l ' . ' . 

27.8 

36.6 
33.2 
37.A 

37.6 
30.0 

3A.A 

3A.1 

32.6 

3A.0 

30.2 

A0.9 
36.0 
A1.3 

37.0 

A i ! e 

A2.0 
34 .9 

<.1.3 

40 .1 

39.2 

38.7 

} 6 . 0 

47 .1 
A O . 9 
47.2 

48 .1 
40 .9 

50.2 

46 ,3 

48 .2 

96.7 

90 .8 

97.'2 

57 .3 
49 .9 

56.6 

56.2 

56 .8 

5 6 . 2 
5 6 . 4 

45 .1 
46 .7 

5 5 . 3 

5 3 . 0 

65 .9 
5 8 . 7 

67.2 

69.3 

66. 1 

7 0 . 2 
7 5 . 4 

76.1 
67.7 

73 .8 

70^6 

71 .9 

7 6 . 3 
7 4 . 5 
7 6 . 5 

79.2 
71.5 

31 .9 35.3 40 .6 46 .4 56 .4 65 .6 69 .5 67 .5 61 .9 51 .6 39.7 33.5 40 .1 

71 .9 

69 !2 

70.0 

77.2 
73.3 
77.4 

78 .0 
70 .1 

64 .7 

6 3 . 1 

63.2 

70 
66 .0 
70.2 

71 .3 
63 .3 

53 .6 

52.'? 

5 2 . 0 

5 6 . 5 
5 5 . 3 
4 9 . 3 

54,6 

58 l 8 

59 .9 
52 .6 

39.2 

39 .1 

3 6 . 0 

44.9 
41 .7 
46 .1 

46 .3 
39 .0 

3 1 . 1 

3 2 . 0 

3 0 . 1 

1, 
c2> 

3 9 . 5 
3 1 . 3 

5 7 . 3 
53^1 
5779 

5 ^ 4 
50.8 

1.07 
.69 

1 . 0 4 
1 .16 
1 .33 

.72 
1.06 

.86 

. 31 
1 .77 

1 .15 
1 .70 

.42 
,94 
,96 
,58 

1 .07 

1.51 
.67 
.86 
.92 
.77 

1 .04 
.78 

.79 
1.04 

.59 
1.90 

. 8 7 
1 .16 

1 .12 
. 4 1 

1 .15 
.97 

1.22 

1.46 
1 .06 

. 7 5 

1.01 
.91 
.92 
. 6 0 

1.14 

1.60 

1 .50 

1 .12 

1.25 
1 .05 
1.19 

. 9 2 

. 7 7 

.77 
1.09 

.77 

.91 

.69 
1.11 
1 .37 

.89 

2 .19 
1.36 
1 .89 
1.34 
1.82 

1 .40 
2 . 2 1 
2 . 5 5 
1 .62 
1 .16 

1.32 
1.82 
1.35 
1.26 
1.37 

1.80 
1.37 
1.20 
t . l O 
1.1 

1 .93 
1.A5 

2.49 
1.81 
2 .74 
2.51 
1.66 

2 .06 
2. 
1 .74 
2 . 1 2 
2 . 4 2 

2 .50 
2 .26 
1.96 

1.79 
1 .06 

. 69 

1.33 
1.76 
1.36 
1.19 

.99 

1.24 
1 .14 

1 .74 
1 .04 

1.54 
1.60 
1.48 
2.30 
1.63 

1.63 
1.62 
1.64 
1.60 
2 .36 

1.62 
1.67 
1.68 
1.57 
1.61 

1.70 
2.97 

1.48 
2.22 
3.07 
2 
1.60 

2 
2.58 
2.73 

2 .56 
2 .19 
1.56 
1.65 
1.93 

2.79 
2.91 

2 .46 
2.47 
2.33 
2 . 4 4 
2 . 6 4 

2.64 
2 
2 
2 .49 
2.91 

2.32 
2 . f t l 
2-39 
2 .69 
2.75 

1 
2 . 1 0 
2 . 2 5 

3.28 
1.92 
3.73 

2 . 3 2 
2 . 5 3 
3. 
2 . 5 5 
1.99 

3.16 

3 . 0 7 
2 . 2 7 
1 

2.89 
3.28 

2.09 
2.62 
2.36 

2.16 
2.69 
2.75 

1 .49 
1 .43 
1 ,75 

1,86 
1,36 
1.64 
1,27 
1.33 

2 . 0 2 
2 
1 
1 .73 
1 

1.49 
1.44 
1.11 
1.64 
1.36 

1.82 
2 .14 

1.57 
1.66 
1.65 
2 .10 
2.16 

1.73 
1.69 
1.69 
1.59 
1.91 

1.72 
1.33 
1.76 
1.69 
1.35 

1.44 
1.97 
1.71 
1.95 
2.04 

1.09 
.93 

1.03 

1.29 

1.57 
1 .24 
1 .15 
1 .14 
1 .12 

1.75 
1.09 
1.65 
1.14 
1.32 

1 .47 
1 .05 
1 .13 
1 .19 
1 .04 

1.30 
1.62 

1.69 
1.47 

.92 
1.02 
1.40 

1 .40 
1 .17 
1 .34 
1.01 
1 .13 

1 .33 
1.41 

1.30 
.97 

1.16 

.70 

9 . 6 2 
6 . 2 2 

JO.91 

. 2 5 
,86 
,43 
,61 
.91 

1.63 
.34 
.39 

1.24 
. 6 0 

1.41 

. 7 3 

14.69 
14.26 
16,66 
12.46 
19.01 

18 .49 
14.64 
17 .91 
14.97 
11.99 

17.66 
14,94 
17.67 
15.50 
14.19 

16.66 
13.76 
12.06 
15.80 
13.17 

15.67 
21.92 

.60 

.43 

.35 

.59 

.53 

.43 

.38 

.59 

.31 

.59 

. 5 5 

. 8 1 

. 9 5 
1.05 
1.29 

• 50 
.95 
.57 

15.34 
14.52 
14.51 
17.46 
15.09 

1 5 . 1 3 
1 6 . 2 5 
1 3 . 6 1 
1 4 . 3 3 
1 6 . 9 4 

1 5 . 1 2 
1 5 . 1 8 
1 5 . 5 9 
1 5 . 4 3 
1 9 . 0 7 

10.51 
14.41 
14.53 
16.47 
19.30 

1 0 . 4 0 
1 4 . 1 5 
1 2 . 1 4 

801 -
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• NORMALS BY CUMATOLuGICAL DIVISIONS 
Taken from "Cl imatography of the UnitecJ States No. 81-4, Decenniol Census of U. S. Climate" 

/ V g M / A 7 e j < / C O ^ CZOKi-r. TEMPERATURE (°F) PRECIPITATION (In.) 
STATIONS 

_(Br Dlv i i io iuL. 

CENTRAL VALLEY 

"^^ALBUOUEROUE WSO 
eOSOUE DEL APACHE 
CARRIZ020 

'-tLEPHANT BUTTE OAM 
^>SOCORRO 

CENTRAL HIGHLANDS 

ANCKO 
CLOUDCROFT LODGE 
CORONA 
GRAN OUIVIRA NAT MON 
HAYHILL RANGER STATION 

MC INT05H 4 NW 
MESCALERO 
MOUNTAIN PARK 
MOUNlAINAlH 
PROGRESSO 

SOUTHEASTERN PLAINS 

e^RTESIA 6 S 

.—CARLSBAO 
^.CARLSBAD CAVERNS 
-CROSSROADS 2 NE 
ELK 3 E 

—FLYING M 
'^FORT SUMNER 
--LAKE AVALON 
—eCSWELL WSO 

5AMTA ROSA 

OIVISION 

SOUTHERN DESERT 

ALAMOGORDO, 
—ANIMAS 
_DEMIKG 
.r-GAGE 4 ESE 
-MACHITA 1 N 

—MATCH 2 w 
. —HILLSBORO 

JORNADA EXP RANGE 
-^LATHAM RANCH 

L0R0S6URG 4 SE 

OROGRANDE 
*-STATE UNIVERSITY 

4 0 . 8 

4 5 ! 6 

3 6 . 0 

4 0 . 7 

4 1 . 1 

>2.3 
V0.9 

40 .9 
46 .3 
43 .0 

4 4 . 9 

4 8 . 6 

4 0 . 5 

4 5 . 3 

4 5 . 3 

46 .9 
44 .4 

4 1 . 6 

4 3 ! 7 

4 4 . 4 

49 .4 
47 .9 

5 1 . 0 

5 0 . 6 

5 3 . 5 
5 1 . 1 

6 0 , 6 
5 6 . 5 

60 ,9 

62 .9 

52 .5 

59 .0 
46 

5 9 . 2 

5 8 . 7 

63 .6 
69 .1 
66 ,5 

69 ,4 

70^5 

59 ,9 

67 .6 

66 .7 

70 
6 7 . 3 

7 2 . 9 
7 9 . 3 
7 9 . 6 

7 8 . 4 

7 6 . 2 

6 7 . 6 

7 7 . 4 

7 6 ! l 

7 5 . 4 
6 0 . 3 
7 9 , 0 

60,0 

78 ,9 

69 ,6 

76 
7 7 , 3 

6 0 , 5 

7 6 , 6 

78.4 
77 ,1 

79,4 

78,4 

68 .7 

78.7 

76.7 

8 0 . 5 
7 7 . 6 

72 .7 

72 .9 

63 .5 

7 2 . 8 

7 1 . 5 

7 4 . 3 
7 1 . 5 

62 .1 

64 .'4 

44 .9 

59 
9 8 . 5 

62 .0 

61 .0 

63 .7 
61 .0 

4 4 . 0 
4 9 , 5 

4 6 , 6 

5 3 , 6 

4 4 , 6 

49 .0 

48 ,8 

4 1 , 8 

4 7 , 4 

3 9 , 7 

42 ,2 

42 ,4 

4 6 . 1 
6 1 . 2 
4 8 . 4 

60 .9 

62 .9 

43 .8 

54^5 
97 -

6 0 . 5 

4ii8 

62 .4 
60 .0 

. 4 6 
1 .05 
1 .16 

1 .70 
. 6 0 

1.03 
1.05 

1.04 
. 6 1 
. 5 9 

1 .03 
1 .09 
1 .37 

. 9 1 
1 .23 

1 .10 
. 8 7 
. 7 3 
. 9 3 
. 6 6 

1 .47 
1 .76 
1.41 
2 . 1 3 
1 .33 

1 .30 
1.64 
1 .92 
1 .28 
1 

1 .20 
. 6 8 

1 .27 
1 .16 
1 .90 

1 .03 
1 .42 
1 .26 
1 .01 
1 .13 

1 .32 
1 .33 
1 . 
1 . 
1.64 

1-31 
1 .12 
1 .26 

1 .20 
1 .10 
2 . 3 2 
1 .50 
i . 3 4 

2 . 0 6 
5 . 7 9 
2 . 5 9 
2 . 3 7 
3 . 5 3 

2.17 
3.99 
3.27 
2 .69 
2.64 

1.76 
1 .56 
2 . 0 1 
2 . 3 « 
2 . 9 3 

2 . 1 5 
2 . 5 3 
1.47 
1 .77 
2 . 4 7 

1.61 
1 .79 
1 .62 
1 .43 
1 .76 

1.69 
1.69 
1.60 
2.66 
1.51 

1.52 
1 .29 

I . 3 3 
1 . 4 6 

1 .95 
1 .48 

2 . 7 8 
2 . 9 8 
3 . 8 1 

2 . 5 3 
3 . 7 1 
3 . 2 6 
2 . 4 3 
2 . 5 1 

1.43 
1 .60 

2 . 3 0 
1 
1 .62 

1.66 
2.39 
1.70 
1.97 
2.33 

' 1 . 6 I 
2 . 0 0 

1 .57 
1 .66 

. 9 5 
1 .25 
1 .95 
1.22 
1 .32 

1.61 
2.94 

1 .46 
2 . 1 3 
1 .69 
1 .39 
1 .56 

2 . 4 1 
2 . 3 9 
2 . 6 1 

2 . 5 2 
1 .90 
1 
1 .82 
1 .65 

1 .26 
1.22 

1 .03 
1.61 
I . O " 
1 .00 
1 .44 

l . U 
1 .27 
1 .41 
1 .14 

. 6 7 

1 .13 
1 .62 
1.71 
1 .76 
1 .36 

1-37 
1 .28 
1.44 
1 .07 
1 .17 

.50 

.82 

.86 

.99 
1.06 

.91 
1 .06 

. 7 5 

.92 

. 7 5 

.99 
1.46 

.70 

.72 

.80 

. 50 
1.07 

.96 

f . l J 
7.74 

13.9t 
9.95 
9.79 

14.19 
25.7» 
19.91 
13.99 
19.99 

12.49 
19.57 
17.19 
11.79 
13.19 

1) 
49 
2? 
19 
94 

04 
74 
7) 
62 
91 

48 
60 

9.90 
9.97 
9.94 
9.37 
9.54 

8.94 
10.99 
9.96 
13.45 
10.10 

9.79 
9.01 

• NariniU (or the period 1")3I-IW0. Divisional normals may twi be the •rlihmeiic'l average of 
Individuil atailonB put>Uahed. alnce additional data for ahonei period uitlona are uaed to obtain bcncr 
area! repreacmaifon, ' 

COMPARATIVE DATA _ 

D a t a In t h o f o l l o w i n g t a b l e a r e t h o o c a n t e m p e r a t u r e and a v e r a g e p r e c l p l t a t l o o f o r F/ow Mex ico S t a t o U n i v e r s i t y , 
New H e x i c o , f o r t h e p « r l o d 1 9 0 6 - 1 9 3 0 a n d a r e i n c l u d e d i n t h i s p u b l i c a t i o n f o r c o m p a r a t i v e p u r p o s e s , 

| 4 1 . 9 | 4 6 . 2 | 5 0 . 0 | s 9 . l | 6 6 . 7 | 7 6 . 5 | 7 9 . 3 | 7 7 . 2 | 7 l . 5 J 6 0 . 5 | 4 8 . 8 | 4 1 . l | 5 9 . 9 i . 2 8 | . 31 ) . 4 3 | . 2 4 | . 3 6 | . 4 3 | 1 . 4 9 | I . 6 5 | . 9 3 | . 7 l | . 5 5 | 
COKFIDFKCE - LIMITS 

In a b s e n c e of t r e n d o r r e c o r d c h a n g e s , t h e c h a n c e s a r e 9 o u t of 10 J h n t t h e t r u e o e a n - r i l l l i e i n t h e i n t e r v a l 
f o r n e d by a d d i n g and s u b t r a c t i n g t h e v a l u e s i n t h e f o l l o w i n g t a b l e froia t h e moans f o r a n y s t a t i o n i n t h e S t a t e . 
B e c a u s e of t h e w i d e r v a r i a t i o n In mean p r e c i p i t a t i o n , t h e c o r r e o p o n d l n K m o n t h l y monns and a n n u a l neon m u s t be 
s u b s t i t u t e d f o r * 'p" i n t h e p r e c i p i t a t i o n t a b l e b e l o w t o o b t a i n mean p r e c i p i t a t i o n c o n f i d e n c e H a l t s . 

• 5 . 4 |. 22*/fj. 19^l j - 2 Wp| . 27>/p|. SSN^fj. 3lNrp|. 29NAP(. 26Vpj. 39N'P | . 2Wpj. 22sf|:j. 21vrp|. 27./p 
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•MEAN TEMPERATURE AND P R E C I P I T A X I O N 

M O A 

No/^r/±. 
STAHOM r \ 

OAKCTA 
N o n t H w c s i D I V I S I O N 

SKENMARC 
jPOHAtL 

_J^VTOWN 

-»ARSM*LL 

—WILDUOSE 
• ^ I L L I S I O W I I C I I Y 

D I V I S I O N 

MOBFM C t « I R A L DIV 

^ C I T l N C a U 

a.6C<^HAH Z SE 
,^^*RANV|LLC 

«.>AOD0CiC ACR S C H O O L 

' ' B U G B V 
SAH HAVEH 

—lOWMCR 
.•AIELVA C 3 

- *£S1MDPE 8 3 

VILLOW CITY 

D I V I S I O N 

NOQTHCAST D I V I S I O N 

^ D E V I L S LAKE WB C I l Y 
^ R A F I O N 

v G O A N D FQITKS UNIVERSITr 
^HANNAH 

HANSBDfrO 

MWLAHODON [XP FA«H 
^ L A R l M O R f C & 
-^PARp; H I V E " f t 
—•'EHBIHA 2 N X ^ O C 

PEIERSSUR6 

D I V I S I O N 

WEST CENTRAL D I V I S I O N 

—DUNN CCNTEfi 2 SW 
^ G A R B I S O N P 3 

Cl. -3 
N 0 3 
' CITY' 

DIVISION 

CENTRAL DIVISION 

«.CARRINOTD;J 
VCOURIENAY J 
*>«CSSENO£N *> •( 

SIOHN S V A I E H O S P J A J i E s n 

t-/ ^ S T E E L E 

D I V I S I O N 

UUfUART nBRUABT MARCH APIUL 

1 0 . 0 

6 . 3 

fi.Z 

1 3 . ) 

1 0 . 0 

I S . 3 

1 0 . I 

10.a 

1 2 . 3 

1 1 . b 
1 0 . 6 
1 1 . 6 

1 0 . 1 
2 J . 2 
2 2 . 3 

1 1 . e 

2 1 . 0 

2 3 . J 
? l . 3 

2 i . 6 

2 2 . 2 

2 2 . 9 

2 * . 9 

2 3 . * 

2 3 . 8 

2 3 l O 

3 9 . 1 

4 0 . > 

. 7 9 
1 . 1 9 
1 . 0 7 
1 . 3 1 
1 . 2 1 

L I S 

1 . 0 7 

1 . 1 3 

. 92 

1 .29 
1-37 
1.32 
1 .21 
1.13 

1 . 2 7 

1 . 2 i 
1 . 3 * 
1 . 2 3 
I . 6 * . 

S J . l 

S ) . 7 

l . t l 6 
2 . 0 1 
l . b 6 

J . 9 7 

bO.9 
6 2 . 9 
b ) . 2 
6 2 . 1 

b l . S 

6 1 . 9 

6 2 . « 
6 * . ] 
6 A . 0 

3 . 3 7 
3 . S I 
a . 6 9 
3 .6S 

3 . 1 0 

3 .TT 

3 . 1 8 
3 .19 
3 .57 
3 . 6 6 
3 . T 1 

3 . 0 6 
3 .09 
3 . 0 6 
3 .07 
3 . I S 

3 . 3 2 

3.115 
3.AU 
1.90 
3 . 6 9 
3 .58 

1 .79 

3 . t * 
3 . 2 9 
3 . 3 6 
3 .4S 
3 . 3 2 

6 6 . 9 
7 0 . 0 
b B , 7 
7 0 . 0 
6 9 . 6 

b t . S 
6 9 . 6 
7 0 . 0 
6 9 . 2 

6 6 . b 

6 9 . 1 

6 9 . 3 
f O . 9 
7 0 . T 

7 0 . 7 
TO.S 
TO.S 

2 . « 1 
2 . > t l 
1 .60 

2 . 6 5 
2.BS 
2 . 2 b 

2 . 4 6 

2 . 5 2 

2 . b b 
2 . 3 5 
2 . 3 6 

2 . 6 * 
2 . S I 
2 . 0 2 
2 . 6 9 
2 . 7 3 

2 . 1 * 
2 . 7 2 
2 . 5 1 

AUGUST SEPT«MB£R OCTOBSR NOVZkffiSl DECZMBDI ANNUAL 

6 6 . 1 

bb*D 

6 6 . 7 

i .as 
2 . 1 0 
1 . 9 0 
2.16 
i . b e 

1.67 
2 . 2 1 
1.05 

2 . 2 1 
2 . 3 8 
2 . 2 * 

2 . 0 * 

1.97 
1 .62 
2 . 1 b 
1.7i 
1 . 5 5 

1.93 

55.7 

5 6 . 1 

5 6 . 1 
5 9 . 2 
5 8 . 0 

1 . 4 * 
1.2t i 
1 .13 
U 2 I 

1 .3) 
1 .39 
l . * 2 
1 .33 

2 . 0 5 
1 . 7 3 
1 . 9 1 
1 . 3 7 

1.27 
I . 30 

1 . 0 6 
1 . 5 7 
I . A 7 
l . * 3 
1 . 3 2 

, l . « 6 
l . b * 
1 . 7 1 

« A . 6 

4 3 . 3 

4 5 . 5 

4 4 . 6 

1 . 2 2 
1 . 0 6 

. 8 2 

1 . 1 5 
1 . 1 1 
1 . 0 * 
1 . 0 0 
1 . 1 7 

1.02 

2 5 . 6 
7 b . b 

2 4 . 5 

2 6 . 3 

2 b . 0 

2 5 . 1 
2 b . 4 
2 6 . 0 

2 2 . 6 
2 b . 5 
2 5 . 6 

2 7 . 0 
2 5 . * 
2 8 . 9 
2 9 . 0 

2 7 . 0 
2 b . * 
2 7 . 4 

n . 8 

1 5 . 7 

1 3 . 6 

11 
11 
11 

10 

9 
12 

2 

) 5 

5 

3 

5 

1 2 . 8 

1 3 . 2 

1 5 . 0 

3 7 . 7 

4 1 . 3 

3 9 . 1 

WE

ST.9 

/a^o 

3 7 . 6 

3 8 . 7 

3 8 . 7 

3 7 . 1 

m 

1 9 . 9 ' 

4 0 . 0 , 

toTb 

1 3 . 7 5 
1 5 . 2 6 
1 5 . 5 7 
1 7 . 1 9 
1 4 . 1 9 

14 .90 
15 .30 
13 .97 
14.66 

15 .76 

16 .59 

I T . 6 1 
19.29 
20 .05 
18 .21 
16.03 

18.31 
17.76 
16.96 
18.46 
16.96 

18.14 ' 

15.66 
I J . 9 6 
16.79 
15 .3 ) 
15 .9 * 

16.1T 

I T . 2 1 
1 7 . 3 3 

n.2i 
1 1 . 6 2 
l T . l t 

1 7 . 5 7 
1 6 . 6 1 
1 7 . 1 0 

I 

•a. 
• . i 

r. 
-816 

l i fe^ 
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•MEAN TEMPERATURE A N D PRECIPITATION 

A/o -a. 
iANUAJtr rXBill/AJlY UAfiCH AFHIL 

EASI CENTRAL D I V I S I O N 

COOPERSIOWN 
FARGO we AP 
HILLSBORO 
WATVlLLC 
SHARON 

V A L L t Y C I T Y 

DIV.{SIOK 

SOUTHMEST D I V I S I O N 

-eOwMAN'COURT MOUSE 
wOlCK'tNSON E l P STATION 
. -XCI I JNSER 
W M A R H A R T H 

_ — « O I I 

- n l M CNCLANO 
.^JttCHARDTON AlJBEY 

OIVISION 

SOUIM CEMBAL OIV 

-QISMARCK WB AP 
i^CARSON NO 2 
' ^FORI YAIES 
• L I N I O N 
OiANDAN E l P STATION 

*( .£•< SALL'M 1 S 

O IV IS ION 

S O U T H E A S I D I V I S I O N 

— ASHLEY ( ' S p p 

• ^ E D C E L E Y E X P F A R M C - * 

" A L L E N D A L E 
r ORMAN p 7 

•" fULLEBlON 

*^ANXlNSON R R STAI ION 
" i i s e O N 
^ C LEOO 3 E 
" I T A P O L E O N e - * / 

—'OAPiES 

^ - W A H P C I O N STATE SCNOoL 
„ , W I S H E K C C 

1 2 . 1 
1 0 * 1 
9 . 4 

I I . 0 

1 0 . 9 

10.8 
10.6 
11.3 

12.7 
15.1 
16.5 
14.7 
11.0 

U . S 

15.2 

12.5 
13.1 
13.9 

13.4 
13.1 
13.0 
12.2 
12.6 

1 3 . 8 
1 1 . 6 

1 3 . 1 

2 6 . 5 
2 3 . 9 
2 7 . 0 
2 6 . 0 
2 6 . 6 

2 7 . 0 

2 5 . 4 
2 7 , 9 
2 6 . T 

2 6 . 2 
2 6 . 3 
2 4 . 0 

. 7 7 

. 7 6 
1 .00 

1 .10 
. 9 0 
. 9 9 

42.1 
42.2 
* 2 . * 
40 .5 

43.1. 

4 2 . 6 

4 3 . 5 

42.0 
42.T 
4}.5 

4 J , 7 

4 3 . 0 
4 2 . 4 
4 ) . 4 
4 2 . 2 
4 2 . 7 

1.17 
t .ea 
1.70 
1.27 

t . 4 4 

1.42 

1.51 
1.46 
1.05 

1.33 

1.37 
1.3b 
1.42 

1.29 

1.32 

1.67 
l . J T 
l .T ) 

55.0 
55.4 
51.7 
53.6 

5 6 . 1 

55.2 

5 4 . 6 

1 5 . 5 

54.4 
54.9 
55.6 

2.01 
2.11 
1.92 

1 .68 
2.02 
1.84 

2 . 1 0 
2 . 0 5 
1.95 

2 . 0 2 

2 . 0 6 

6 5 . 1 

6 4 . 2 

65.4 
6 5 . 1 
b 3 . 9 

b J . l 

6 4 . 0 

3.30 

3.45 

4 , 0 0 
1 . 9 9 
3 .07 

3.54 

3 .89 

7 1 . 7 

7 1 . 2 

T I . l 
6 9 . 8 
7 2 . 0 
T 2 . 1 
7 1 . 6 

73.1 
72.6 
71.6 

7 0 . 6 
T I . O 
7 1 . 9 

2 . 5 1 
2 . 3 1 
3 . 0 0 
2 . 5 6 
2 . 6b 

2.21 

2.2b 

2.65 
2 . 6 9 
2 . 4 9 

AUGUTT SXPTZMBIH OCTOBXR NOVXMBXH DXCIMBIR ANNUAL 

6 9 . 4 

6 6 . 9 

6 7 . 1 
7 2 . 5 
6 9 . 1 
6 9 . 1 

6 6 . 9 

6 9 . 7 

7 0 . 0 

6 9 . 7 
6 9 . 0 
6 9 . 6 
6 9 . 1 
6 9 . 7 

7 1 . 2 

2.33 

2.54 

1.50 
1.51 
1.74 
1.65 
1.76 

1.60 

1.85 

2 . 1 9 
1.94 
2 . 4 9 
2 . 1 9 
2 . 2 1 

59.1 

58.5 

5 9 . 9 
5 6 . S 
5 9 . 0 

1 .50 

1.67 

1.13 
1.00 
1.27 

1.18 
1.43 
1.34 

I.JO 

1.36 

1.23 
1.43 
1.36 

1.54 
1.40 
1.25 

4 6 . 1 
4 b . 3 
4 7 . 1 

4 7 . 2 

4 6 . 2 

4b.5 
44.8 
47.1 

4 5 . 7 
4 b . a 

46.1 

4 b . 7 

4 7 , 3 

1.14 
1.2b 
1.13 
1.06 
1.25 

i . i e 

. 6 8 

.63 

. 92 

. 6 6 

.85 

. 6 3 

. 7 * 

3 0 . 0 
2 7 . 9 
3 0 . 6 
3 0 . 1 
2 9 . 9 

3 0 . 2 
2 9 . 6 

1 .19 
1 .12 
1 .20 
1 .09 

1.15 
. 9 6 

1 .08 

2 7 . 6 
2 7 . 3 
2 7 . 7 
2 1 . 8 

2 0 . 6 

2 9 . J 
3 0 , 9 
2 9 , 3 

2 8 . 1 
2 6 . 0 

2 9 . 4 

2 8 , 7 
2 9 . 0 
2 9 . 2 
2 7 . 6 
2 6 . 6 

1 9 . 1 
1 6 . 8 
1 6 . 2 

1 7 . 6 

17.7 

4 2 . 0 

4 0 . 6 

* a j 7 
41,8 
4^:5 

4j^ .9 

42.5 

A P 5 
* 2 . 4 

Av«rat«a t o r pa r lod 1931-10S3, a z c t p t for a iAt lona nArkad VB which a re " n o m l a " baa«d on pvrlod 1931-1950. D l v U l o u l Mans u y 
not ba tna a r l l h a a t l c A l average of IndivKluJil a t a t l o r m publlDhcd, a inco a d d i t i o n a l data I ron abo r t a r per iod s t a t i o n s ara usad t o 
o b t a l a b a t t a r a r a a l r a p r a s a n t a t l o n . 

CONriDEKCE LIHITS 

ID the abaeoce of t r end or r acord cttaDgas, tho c h a a c t s a r e 6 out o( 10 t h a t the t r u e weaD w i l l H o lo the l o t e r T i l to raad by add lns and 
• u b t r a c t l D g tbo va lue s ID the fo l lowlnc t a b l e fron t ha neaas for any s t a t i o n l e t b e S t a t e . 

3 .1 .11 3.1 .11 1.6 .17 1.4 .31 I .S .49 1.3 .69 1.1 

COHPAEtATIVG DATA 

Data ID tbe f o l l o e l o g t a b i c a re tbe oean t e n p e r ^ t u r e aod avoraso p r e c i p i t i t l o n for Dlckibsoo ExpcrlaoDt s t a t i o n , Rorta Dakota for tbe pe r iod 
1900-1930 and a re Included ID t b l s p u b l l c s t l o a for c o a p a r a t l v e pu rposes : 

10 .3 .46 14.1 .40 26.0 .66 41.6 1.21 S I . 4 3.SO 61.9 3.49 68 .1 3.21 63 .7 1.82 33.9 1.33 43 .3 1.02 39 .2 .46 14.8 .50 40 .3 

.29 1.7 .17 2 . 3 .09 .7 

1 7 , 9 6 
1 0 . 7 3 
1 9 . 9 5 
1 7 . 9 8 
1 9 . 0 5 

17.84 

18.35 

1 5 . 4 0 
1 6 . 6 9 
1 5 . 3 5 
1 6 . 5 7 
16 .34 

1 6 . 5 0 
1 7 . 0 1 
1 9 i 0 6 
1 9 . 4 1 
2 0 . 5 5 

1 9 . 3 5 
1 9 . 3 6 
16 .94 
17 .76 
17.74 

t !• 

t. r 

I I. !• 

: , ' i 

li. 

. H 

i | 
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SD-l 

•MEAN TEMPERATURE A N D PRECIPITATION 

SOUTH Dfitx^A 
- DTATIOM 

-^.^; 
CENTRAL DIVISION 

H«̂  I O I M O R E I H 

' N N E 6 € C 
•UROO 
•HERRE CAA A 

,>OKW*N* ) W 

VIVIAN 

DIVISION 

EAST CENTRAL DIVISION 

ARLINGTON 
BROOHINOS t NE 
CASKE-OOD 
CLARK 
DE S«CI 

T L A N O R E A U 

FORESIfluRG J N£ 
H O U A R D 

HURON W8 A P 
LA OELLE 7 NE 

MILLER 
REOFIELD 
WATERIOWN CAA AP 
•ENIwORTn 

DIVISION 

SOUTH CENTRAL Olv 

ACADEMY 
•«i-GREGOR* 
" - W I N N E B 

-rWOOO 

OIVISION 

SOUTHEAST DIVISION 

ALEXANDRIA 
ARMOUR 
eONESIEEL 
CANISTOTA 1 N 
CANTON 

MARION 
*tENNO 

"ITCMELL 2 SE 
PARitSTON 1 C 
SlOUl rALLS HB AP 

T T N O A L L 

vERilLLlDN 2 N 
WHITE LAKE 
Y A N A T O N 1 NNU 

1 9 . 0 
2 1 . t 
1 7 . 5 
t o . 2 

1 9 . 6 
2 0 , 6 
1 8 . 1 
1 6 . 6 

2 2 . 5 

2 1 . 6 

10.3 
U . 9 ' 
l b . 5 
16.5 

2 3 . 6 
2 « . e 
2 5 . 6 
2 6 . 1 

25.0 

2 1 . 3 
2 3 . 3 
2 3 . 9 

33.1 
)1 .3 
32.7 

2 9 . 7 
2 8 . b 
2 6 . 1 
2 9 . 5 

25.5 
31.2 

30.7 

3 0 . 5 
1 0 . 4 
2 7 . 3 

3 2 . 3 
3 3 . 7 
1 3 . 1 

3 2 . 4 
3 3 . 3 
3 2 . 9 

32.2 

33.1 

t . 2 2 

1 .41 

4 6 . 9 
4 6 . 5 
4 3 . 4 

4 7 . 9 
4 7 . 9 
4 6 . 5 
4 9 . 0 

4 6 . 4 
4 9 . 2 
4 6 . 1 

4 6 . 2 
4 9 . 2 
4 8 . 6 

4 6 . 8 
5 0 . 4 
4 0 . 0 
4 7 . 5 

1 .71 
1.69 
1.79 
1.49 

2 . 2 4 
1.99 
2 . 3 5 

2 . 0 6 

2 . 1 7 

5 8 . 4 
5 6 . 6 
5 6 . 1 

5 8 . 6 
1 9 . 0 
5 9 . 4 

6 0 . 0 
6 1 . 7 
5 9 . 3 
1 9 . 5 

2 . 9 3 
2.61 
2.60 
2.21 

2 . 9 5 
3 . 0 1 
2 . 7 1 

3.15 
3.24 
2 . 7 ) 

6 9 . 6 
7 0 . 1 
6 9 . 6 

6 9 . 6 

6 9 . V 

3 . 7 1 I 7 4 , 9 
3 . 2 6 ! T7.3 
3 . 3 4 - 7 7 . 7 
3 .15 7 7 . 6 

3 . 6 0 , 7 7 . 3 

3 , 5 3 l 7 6 . 7 

4 . 3 1 
1 .90 
4 . 0 5 
3 . 0 6 
3 . 8 5 

4.07 
J .71 
3,81 
4,04 

3 . 9 0 
4 . 1 6 
3 . 9 0 

7 3 . 7 
7 2 . 2 
7 3 . 0 

73.3 
75.0 
75.6 
75.4 

7 7 . 2 
7 6 . 7 
7 7 . 5 
7 T . 6 

7 6 . 7 
7 8 . 2 
7 6 . 3 

7 7 . 1 
77 .5 
7 6 . 8 
76 .5 

1.60 

1.62 

2 . 6 0 
2 . 2 6 
2 . 4 3 
2.06 
2 . 1 4 

2 . 0 2 

2 . 2 3 
2 . 0 8 
1.77 

2 . 2 6 
2.35 
3.00 

2.50 

2.47 

75.1 

75.7 

75.2 

71.6 

7 1 . 0 
7 2 . 9 
7 3 . 1 
7 2 . 9 
7 1 . 9 

73.1 
73.3 
70.1 

74.7 
74.4 
75.1 
7 6 . 0 

7 5 . 0 

7 4 . 8 
7 1 . ) 
74,5 
73.8 

1.B3 
2.01 
2.65 

3.06 
2.71 
2.91 

3.05 

3.02 

6 4 . 0 
6 5 . 5 
6 4 . 1 
6 4 . 7 

6 0 . 5 
6 0 . 9 
6 1 . 2 

6 4 , 6 
6 5 . 0 
b S . l 
6 6 . 0 

b 4 . 9 
6 6 . 2 
6 4 . 6 
6 4 . 0 

1.28 
1.34 
1.93 

1.9S 
2 . 0 9 
2 . 4 0 

2 . 2 9 

2 . 1 6 

5 0 . 9 
5 0 . 0 
4 9 . 4 

1.32 
1 .29 
1.19 
1.2b 
1 .14 

1 .24 
1 .22 
U 3 T 

1.42 
1.26 
1 . 2 5 

3 0 . 5 
3 0 . 4 
3 1 . 3 

3 3 . 4 
3 2 . 4 
2 9 . 7 

3 6 . 0 
3 b . 5 
3 6 . 3 

3 4 . 9 
3 5 . 5 
3 5 . 9 

2 5 . 0 
2 2 . 7 
2 2 . 6 

22.3 
24 .0 
25.0 

4 8 . 0 

1 6 . 7 7 
1 6 . 4 6 
1 6 . 6 3 
1 5 . 9 8 

2 1 . b b 
1 9 . 0 6 
2 0 . 3 7 

22.92 
20.31 
21.19 
17.54 
16.55 

16.21 
17.35 
20.67 
23.27 

46.5 
48.9 

4976 

47.6 
49.1 
46.5 

47.7 
46.3 
46,1 

20.40 
21.00 
16.51 

20,45 
21.41 
22*65 
23.16 

2 2 . 0 6 
2 0 . 9 5 
2 1 . 2 9 
2 1 . 2 4 

22.72 

22.50 

Avara ias for pa r lod 1931-1933, except for a t e t lOoa earked IB eb lcb are "norBs le" baaed oo pe r iod 1931-1030. Dlvis ioDal waane M r 
not be tbe a r t t b a e t t c a l ava ra fe of I n d i v i d u a l a t a t l o a e pub l i ebed . a lnce a d d i t i o n a l da ta froe ebo r t a r per iod e t a t i o o e a r a used to 
o b t a i n b e t t e r a r e a ! r a p r e a a n t a t l o n . 

Sc: 
A J I A J I, 

A/ Ce^^ j t ^c^ 
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•MEAN TEMPERATURE AND PRECIPITAflON 

SD.-Z. 
fflAnOM 

NORTHWEST DIVISION 

^ B E L L t FOURCHE 2 NE 

B J : A " P CROOK 
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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 ory 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 anoinalies, 
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. 

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 geothermal 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 
of earth resources. 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 
lis 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 the 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 exploration 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 geothermal map of North 
America 

The optimum 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 
iippear as false (aliased) additions to low frequency 
events that are otherwise adequately sampled. Thia-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 O.TC 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 proyide 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 beneatli 
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 geothennal 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 
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 equilibrium 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
tremely accurate and is subject to breakdown. Measure
ments are rarely carried out under scientific conditions 

y 
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FIG. 1, — Oklahoma geothermal gradient map based on well logs (After SCHOEPPEL, GII-ARRANZ 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 equilibriimi 
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, miist be recognized and eliminated. 

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 
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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 temperaturSrand 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 geothennal 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 uilknown 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 dra>vn 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 increaises 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); DARBY, 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, W E S T (1965); MESK6 (1960. 
1965); NAIDU (1966, 1967, 1968); ODEGARD, BERG 

(1965); ROSENBACH (1953); SAX (1966) and SWARTZ 

(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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FIG. 2. — Second-order regional surface of Oklahoma geo'\tc::tsl gra:'.ie:tt tttap (After SCHOEPPEL, GILARR.\NZ 1966). 

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 conwnunications 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 

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 h.eadings, 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 
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local data variations. Either theory will reject grossly 
I deviant data. Differences in rejection criteria are evident 
I where subtler variations are encountered. Procedures of 
j this type eliminate not only data possessing large errors 
I but also valid data from strong local anomalies. This 
1 does not detract from their use. Valid data eliminated 
\ by a properly designed filter are data associated with 
1 an anomaly so local that it could not be properly rep-
I 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 
equilibrium-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 also 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-
actsas 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: 

+ 
1 37 

3r 
^CF 3T 

k, 36 (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 temperature at all 
radii before the disturbance, and (3) heat flow by con
duction only. 

By defining a dimensionless time variable as 
klQ 

pCirJ 
and dimensionless radius as 

r' 
To = 

the diffusivity equation takes the form: 

3̂ 7' . 1 3r dT 
~37" W + To 3^0 

(2) 

(3) 

(4) 

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

Q(Q) = InCiprJh MQ(t) (5) 
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where 0(9) is the total heat influx into the wellbore 
due to a temperature difference AT, and Q(t) is a time 
dependent dimensionless heat flow rate defined by: 

°"' = /(-^) ,. = . dt (6) 

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) = 2nCfprJh[{^T)„QU) + (Ar),Q(/—/,) + 
-h (Ar,)Q«—/,) + ] (7) 

Eq.(7) also gives the total heat flow during the combined 
circulating and static mud period if (Ar)o is defined as 
the temperature difference and QU) 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: 

Q(0 = -2_ f (!:£:!!! )du 
Yo'(u)-i 

(8) 

where Jo and Vo 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 wiU 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 mud 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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Step function approximation lo temperature build-up 

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 RAYMOND (1969) 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 
/ , = Bessel function of second kind and order 0 
ki = thermal conductivity 

0(6) = cumulative heat flow 
Q(t) = dimensionless heat flow 

ro = dimensionless radius 
r = radius 

r . = well radius 
/ = dimensionless time 

T = temperature 
u = function of complex variable 

Yo = Bessel function of second kind and order'0 
e = 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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the output signal 0 (0 , and the filter fit), then the con
volution operation is given by 

TOTAL TIME, HRS 

lure build-up behaviour prea 
matical model (After SCHOEPPEL, GILARRANZ 1966 

FIG. 4. — Temperature build-up behaviour predicted by mathe-
- - -66). 

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(0 
that operate on an input signal and thereby change it 
into an output signal. Telephones, radios, and phono
graphs are filters undt̂ r 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 Kt). 

OU) = 1 /(t)/(/—x)dt B-l 

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

i 

On = y , f i l n - l B-2 
t=io 

where (/o, /., Ia /*) are the fc-|-l samples of the 
input function, (/o, /,, /j , /„) are the «-|-l samples 
of the filter function, and (Oo, O,, Oj, , Ot+n) are 
the fc-l-n-f 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-l becomes 

0{s) =?(s)?(s) B-3 

where 0(s), f(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 

Zis) = 0„ -f 0,s -f- Cs" -f .... -I- Ok^A*' 

7{s) = fo + fiS -f /,s^ -I- .... -I- fA B-4 

Tis) = •Jo'H- Iis'+F^s^A .... + /*s* 

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 

^ B-5 /„ a. 'A, = <̂  i " 
(WIENER 1949) where /„ are the sample sequence of 
the optimum filter, ^ ^1^ is the collection of values 
representing the discrete autocorrelation function of the 
input with lag values i — n — T, which is defined as 

a> I I _ /h n _ Urn 
— V i — A—). 

1 * 

2k /=_A 
B-6 

and <I» / ° is the collection of values representing the 
discrete form of the cross-correlation function of the 
input with lag values i = n — t, which is defined as 
cording to the formula 

ID _ lim ( '̂A = 
1 * 

2k ,iL, /, D, B-7 

The transform of the discrete Wiener-Hopf equation 
B-5 is given by 

% ) ^i i i s ) - <^iDis) B-8 

where 0;/ is the transform of the autocorrelation fimc
tion and. 0;D 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 /(s). Thus, 
we have 

ts) = 1 ^ B-9 

that is, the transform of optimum filter is given 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 

function OJ" or its transform ^mis). In other apph-
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. 

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 aiid 
SMITH (1966) recognized this and have replaced the 
least squares criterion with one based on minimizing 
the simi 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 ZURFLUEH (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 
estimate of the desired signal can then be constructed 
by filtering the restructured data set. 

The methods of both ZURFLUEH (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 Geothennal 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 Wieiier 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 volcanic 
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 igneou.s rocks of Middle (?) and Late Trias
sic age which were probably comagraatic with the 
earliest Sierran plutonism and with a postulated 
belt of subaerial volcanism that extended far south
east of the marine province. Transition of the 
volcanic arc terrane from mainly igneous to sedimen
tary deposition within the Triassic suggests the 
Triassic magmatic event was fairly shortlived. The 
early Mesozoic shelf terrane occupies a narrow belt 
that ts 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 
Croat 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 
raid-Jurassic time. 

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°W and south of 38°N. The east
ern and southern hinge lines of the subsident region 
are approximately coincident with the Paleozoic 
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 Creat Basin is equivalent to the 
continental accretion of Rogers and others (IQ?")), 
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 .Tlso 
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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Figure 1: Map showing paleogeographic terranes of early Mesozoic marine 
province of the western Great Basin and other features referred to in text. 
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WE.STERN 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 
offshore from the general locus of the late Paleo
zoic continental margin of North America. Exposed 
strata of the we.ltern province range in age from 
.late Early Triassic to late Early Jurassic. The 
eastern province occupied an intracontinental region 
in eastern and southern Nevada 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 
bed.s in contact with Paleozoic rooks within 50 kra 
east of the hinge zone (Fig. 1) (Nichols, 1971; 
Stewart and McKee, 1978). Moreover, rock.g of both 
basinal and shelf terranes of the western province 
indicate that a region to the east of the hinge was 
at le.'i.-st 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
its (Grass Valley Formation) of a fluvial system 
(Silberling and Wallace 1969). Both contain woody 
fragments. 

In the depositional province of the eastern 
Great Basin, there is 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 (ClarW, 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. 

It is difficult to prove whether the central 
Great Basin was a positive region in the Jurassic. 
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 
cro.T3ed the Early Jurassic Creat 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 impossible to locate an inflection of the 
shelf-platform margin any closer than about 50 km. 
Further, becau.se 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 Mesozoic 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 
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subaerial accuraul.itions of ignimbrite and volcanic 
sedimentary rocks; their nature provides no evidence 
that deposition was confined to the regions of 
preserved rocks. In fact, it is po.'isible that 
i.'jolated tracts of volcanogenic rock.i of probable 
Tr.i,ns,Tio age in Inyo County (Fig. 1 White Mountains, 
Inyo Moiiiit.T Inn, P,-innml.nt Rniigc) rn-p rcimn.'int.T of nn 
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 Triassic 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, 1952; 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. Thus, the apparent absence of such rocks in 
the high Sierra implies erosional and(or) tectonic 
removal. In the same region of the Sierra, 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 
Triassic rocks that were conceivably contiguous with 
those of the western Great Basin (Sanborn, I960; 
Albers and Robertson, 1961; McMath, 1966; D'Allura 
and others, 1977). The thick Jurassic strata of 
this region are probably correlatives in part with 
successions 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, 
also known as 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 
volcanic arc collided with the continental slope at 
about the beginning of the Mesozoic or at least, 
before late Early Triassic. The accretionary arc 
was underthrust by the continental slope and perhaps, 
partly extruded east across the shelf-slope break. 
Following its collis.ion, the late Paleozoic arc 
terrane was welded to the continent, and relative 

motion of tho continent was taken up on a new boun
dary somewhere west of the Great Basin (Speed, 
1977a). 

Koipato rhyolite 

Tlio Koip.'ito Croup (Wnll.Tco nnd othor.i, 1969; 
Silberling; 1973) was named for a succession of 
volcanic rocks whose outcrops are coextensive with 
succeeding strata of tho lobato northern tract of 
the early Mesozoic shelf terrane (Fig. 1). Rhyolitic 
magmatism of the Koipato Croup seems to have retarded 
basin subsidence in the Koipato outcrop area. It is 
uncertain, however, whether the Koipato 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. 

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 
235-210 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 prc-Koipato basement beyond 
the area of thick rhyolite accumulation suggests 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 Klcimath 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, 
1961), New Pass Range (MacMillan, 1972; Willden and 
Speed, 1971), Union district (Silberling, 1959), and 
Excelsior Mountains (Speed, 1977c). In none of these 
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.nreno does rhyoH.te lie between tho early Mesozoic 

.inillmijiili.Tiy rocUrj nnd l.ho siibjnofint torrnnn oon.Tl-
dcred to the the basement of the basin. In the Union 
district howeyer, volcanic rocks here called basement 
arc poorly d.-itcd, and It cannot ho dcmonotratod that 
nuoh rocks are not underlain by a hidden succession 
of Mlildlo nn<\ l.owiir Trin.-i.nta .ntrnU.T. .Tlrallnrly, 
undated i-hyolltes occur in the Gold Rnngo Formation 
(Table 1) of the Excelsior Mountains above basal 
cla.'3tic strata and could conceivably be Koipato 
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 is 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-Spathian) 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 St:)r Peak Croup is a carbonate platform complex 
that prograded generally west from Middle to early 
Late Triassic (late Anis.lan to Lite K,3rnian) time. 
Mafic volcanic rocks occur widely at Ladlnian hori
zons of the Star Peak. The succeeding silicaclastic 
accumulations of the Crass Valley Form.ition grade 
west (Silberling and Wallace, 1969) across the shelf 
terrane from quartz arenite and carbonate rocks with 
increasing proportions of mudstone and channel-
filling subarenite. The formation constitutes a 
substantially thicker mudstone-rich accumulation in 
tho Humboldt Range (Fig. 1) at the westernmost expo
sure of the shelf terrane. Silberling and Wallace 
(1969) interpreted the Grass Valley as a westerly-

prograding fluvlal-deltaio comp.1ex. Their paloo-
curront diitn from outcrops of Gras.n Vnlloy that nro 
structurally continuous with Star Peak beds indicate 
generally westerly sediment transport. The suc-
cnoding Dun Clon Formation represents a return of 
carbonate bank deposits on the shelf, and the Wlnne-
miicon, n K0n0r.1l rooiirnlon of muddy .Tl.lionolnatio 
debris. Rooks younger than Middle Norian are 
unrecognized in the northern tract of the shelf 
torrano. 

Strata of the northern shelf terrane indicate 
generally continuing subsidence for much of Triassic, 
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 
offshore zone of the shelf that was underlain by 
thick Koipato rhyolite. The existence of mafic vol
canic rocks in the Star Peak Croup 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 Lunlng, Gabbs, and Sunrise 
Formations of the Pilot Mountains, Paradise Range, 
Shoshone Hountian, Gabbs Valley Range, and scattered 
outcrops east of the latter range, as mapped by 
Ferguson and Muller (1919). It also Includes the 
late Middle Triassic (Ladlnian) Grantsvllle Forma
tion (Silberling, 1959) of the Shoshone Mountians 
which is seemingly the oldest among those assigned. 
Tho actual maximum ago of rocks of tho southern sholf 
is uncertain. The Grantsvllle lies 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 
shelf 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. 

*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.). 

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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h:\vr h(̂i-ii poi-hr̂ pn .i:i KI-C.-U; na 100 km. Further, the 
f'.oiioi'.-il iioi'th-.'ioiith boundary between thf volcanic 
and soi'thern .iholf terranes (Fig. I) is probably 
tectonic .Tlong Its entire longth. Tn the Pnrndl.'ie 
HangQ, the volcanic terrane Li thrust over the shelf 
terrane, but in the Pilot Mount-nins, the .ihelf 
ti'i-iTinc lo overthrust. In tho Garflold llilla nnd 
northern Gabbs Valley Range, it is not clear which 
terrano is structurally h.lgher at the tectonic 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
zoic 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 Norian 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 
isiliceous 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 kilometers of basement prominences. 

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

' gic consistency throughout the southern shelf terrane 
(Silberling 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 
suceess.ions of such rocks occupy an arcuate belt 
that circumscribes the western margin of the lobate 
northern .shelf terrane (Fig. 1). Within this belt, 
the pelite-.sandstone successions are of late Late 
Tria.'jsic (Norian) age, but their depositional 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 half 
of the belt, strata of tho basinal terrrane grade up 
to more c.Tlcaroous rock.'j of latest Tria.islc and Early 
Jurassic age.' In contrast, rocks 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 

Arlington ("Ccd.-ir") and SwenrinROn Formation 
(D'Allura and others, 1977) and the Pit Formation 
and succeeding Triassic units (Sanborn, I960) may 
hnvn bi'on orl(/,lnally oontlKuoufl. 

Tho arcuate boundary between the basinal and 
shelf torrnne.'i (Flg.l) is a variably coi-tnln 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 volcanic 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 
volcanogenic 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 5.8 km thick and spans Norian time; the upper 
400 m could be Jurassic. The lower 1 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 rooks 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 1.5 km of the sequence in the Clan 
Alpine Mountains contains only fine silicate sediment 
of heralpelagic (?) origin and upward increasing pro
portions of carbonate rock, culminating in about 
600 ra 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, 19T^) which are generally organic limy 
pelites. Such rocks were evidently deposited under 
open marine conditions, perhaps below wavebase. 

258 

file://h:/vr


niclr r.nrbon.Ttc df̂ brl.i wa.n cono';ivribly derived from 
till; c.'.irboiiate plntform th.-̂t forms of tho upper strata 
of the basinal terrane in the Clan Alpine Mountains. 
Given that the Early Jurassic and Late Triassic sub-
periods were equally long, the mean rate of accumu
lation of sediment was more than 5x greater in the 
L.'itc Trla.'jsio in tho southern region of tho basinal 
terrane. 

The only other succession of the b.-i.'jinal terrane 
where a stratigraphy has been worked out is in the 
Santa Rosa Mountains (Fig. 1). There, Compton (1950) 
found a succession over 6 kra 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. 

• (l.adlni.tin) , as diagnosed by N. .1. Silberling (in 
Willden, 196'l) for tho Quinn River Formation. 

The depositional environment of tho Triassic 
rocks below the pelitic succession 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 
(Ladlnian) time. Tt follows that if the earliest 
mud of the thick pelites of the basinal terrane was 
dumped into a preexisting deep water basin, the basal 
accumulations of the pelites are probably isochronous 
and everywhere Ladlnian. Thus, it appears that the 
pelitic sediment 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. 

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 Crass Valley, Dun Glen, and Winnemucca Formations 
of the central part of the northern shelf terrane 
(Silberling 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 is 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-Norlan; if the latter case is true, the rate 
of basinal subsidence exceeded the impressive rate 
of sediment accumulation of roughly 102cm/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 Crass 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 ("Osobb 
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 (196'1) recon-
naissence, the sequence in the Black Rock Desert is 
interpreted as follows (Speed, 1977a; this vol.): 
late Paleozoic volcanic arc and related sedimentary 
rooks 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 rooks of the basinal terrane. 
The best estimate of the age of the lowest horizons 
of the pelitic succession is late Middle Triassic 

The volume of exposed rocks of the basinal 
terrane is estimated to be 105i<m3, 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 politic rocks are seemingly homogeneous 
according to x-ray studies and density measurements 
and Compton's (1950) 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 Carrels 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, I960). 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 volcanic arc terrane contains intermediate 
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-
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tion) lie uncoilForm.-ibly over 250-260 my old mafic 
rocks of the' late Paleozoic arc at a position ju.'jt 
north of tho Paleozoic continental margin. (Speed, 

• 1977b). Unfortunately, the lower part Of the Gold 
Range Formation is undated. The depositional base 
of the early Mesozoic arc 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 Mesozoic 
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 volcanic terrane, the onset of early Meso
zoic volcanism was between 250 and 215 raybp. I infer 
below that igneous rocks of the early Mesozoic vol
canic arc terrane were products of the earliest 
epoch of plutonism of the Sierra batholith. Intru
sions generated in that epoch (Fig. 1) have Sn 
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 volcanic 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. Moreover, Lower Jurassic rock.'s 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, seems 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 volcanic 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

nate rocka. The Gillis volcanic rocks and those of 
the Pamlico district (Oldow, this vol.) are perhaps 
more generally marine than those of the Cold Range. 
Tho volc'inl.o tori'ann near PawhUle ."Summit .leoms to 
have an even higher proportion of marine volcanic 
and carbonate sedimentary rooks. 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 Gillis and Sand'Springs successions, however, 
implies that volcanic shoals existed within the 
marine region. 

The widespread occurrence of massive carbonate 
rocks in the region of early Mesozoic volcanic rocks 
has been observed by many geologists and first 
documented by Muller and Ferguson (1939). They 
correlated almost all the carbonate rooks 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 volcanic terrane 
were at least partly contiguous. Muller and Ferguson 
(1939) also correlated Lower Jurassic 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 volcanic terrane are presented in great number 
by Rogers and others (1971), 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 
siliceous (Si02 > 75 percent) types; alkali contents 
are markedly variable and occasionally as great as 
10 percent. There is no evident spatial trend of 
the chemical data. As noted by Rogers and others 
(I97I), the Triassic volcanic rocks are significantly 
more siliceous 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. Subsidence 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 facies 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 Jurasaio 
deposits (Gardnerville Fm.) Indicate probably a west-
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Table 2: Lithic Successions Within the Volcanic Arc Terrane 

Location (Fig. 1) Lithic Succession (older to younger) References 

cri 

Excelsior and Pilot 
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 (JI. 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 Triassic 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 Oreana Peak Fm.; Norian and Lower Jurassic 
mudstone, volcanogenic sediments, and limestone as young as late Toarcian (1000 m) of the 
Gardnerville Fm.; succeeded by rocks of orogenic terrane 

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

CorvalSn (1962) 
Willden and Speed (!«-; 

Ross (1961) 
Willden and Speed (197i) 

Willden and Speed (1974) 

Bonham (1969) 

John C. Proffett (oral 
commun., 1976) 

Einaudi (1977) 

Noble (1962) 

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

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

Loomis (1961) 



f r i y liii'i '-'M.-i I n n i ' .sl.r ' o f .'iiil);\ I i l ' m c o , I n C l i i K r i f m n i v 

.'ll I Ic.'il.i' .'111(1 volcanogenic (liibrl.i than In Lhn .'iiinrlao 
ronk.T, .niKl a t l e a n t occns lonn l t u r b i d i t y c u r r e n t 
tr'/m.-iport (Hoble, igfi?; R. C. llltiHli-ir, wrlt to.n comm., 
1977; 11. C. .'3pcod, u n p u b l . ) . A.M Clr.'it proposed hy 
Nobl-' ( lOfi?), tlio Cnrdnnrvl 1 lo ntrnl .a (hf>ro extended 
oa:il. t o thn .•.iln/.'.;it.'io liniiK"-) .Mucin t o be t i ' i i i i . i l t lonnl 
between contemporaneous s u b s i d i n g .shelf d e p o s i t s of 
t he 3unrl.sc and l a r g e l y volcanogenic t rough accurau-
l a t l o n . i of the .Sai lor Canyon (Mi l ton) For'mation in 
t h e c o n t r n l S i e r r a Nevada (F ig . 1 ) . In f a c t , the 
.S.-\ilor Cnnyon t rough probably inc luded the l i i r l y 
J u r a s s i c rocks of t h e R i t t e r pendant ( K i s t l e r , 1956; 
S t a n l e y and o t h e r s , 1971; K i s t l e r , t h i s v o l . ) and 
the Mt. Ju r a s e c t i o n of the n o r t h e r n S i e r r a (McMath, 
1966) . 

Although the c o r r e l a t i o n of s e c t i o n s c o n t a i n i n g 
massive Norian ca rbona t e rocks and " S u n r i s e " beds 
between the v o l c a n i c and s o u t h e r n s h e l f t e r r a n e s 
seems r e a s o n a b l e , t h e r e Is l i t t l e b a s i s for a l l i a n c e 
of lower p a r t s of t he two s u c c e s s i o n s . The e x i s t e n c e 
of vo lcanogenic m a t e r i a l in the middle member of the 
Luning Formation of one of t h e t h r u s t nappes of t he 
P i l o t Mountains i s the only ev idence for i n t e r g r a d a -
t l o n ( N i e l s e n , 1963) between vo lcan ic and s h e l f 
t e r r a n e s . Thus, one must appea l e i t h e r t o an abrupt 
t r a n s i t i o n ( f o r example, volcanism r e s t r i c t e d t o t he 
west of a .shelf edge) o r t o a b roader zone of i n t e r -
g r a d a t i o n t h a t i s o v e r t h r u s t by rocks of the v o l c a n i c 
t e r r a n e . 

Exfnl.-ilor Mount.'! In.'1 .'ind Dc.'U.h Vnlloy ImpllQ.i progro. i-
s l v o l y g r e n t e r po.it-'l'rl.n.'^i.'jlc up i l f t t o tho . louth. 
The vo l can i c rocks may a l s o have undergone t e c t o n i c 
OovorliiK by thni.-it .'ihootfi of l.owor Pnloozol.o rook."*, 
an inforrc 'd in tho White Mountains by Stovcnri and 
Olnon, 1972. 

I n t r u s i o n s of t h e Lee Vining epoch, the e a r l i e s t 
phase of tho S i e r r a Ncvnda b a t h o l i t h , crop out j u s t 
south of t he wes te rn marine p rov ince ( F i g . 1) 
(Evernden and K i s t l e r , 1970) . Such p lu tons have an 
appa ren t nge range of 215-200 mybp ( K i s t l e r , t h i s 
v o l . ; o r a l commun., 1978) acco rd ing t o concordant 
hornblende (K-Ar) , z i r c o n , a n d Rb-Sr d a t e s . A smal l 
p lu ton with a hornblende age of .210 ray occurs wi th in 
the sou the rn v o l c a n i c a r c t e r r a n e ( F i g . 1) (Speed 
and Armstrong, 1971) , and o t h e r s c a t t e r e d bodies 
wi th ages in t h e same range seem t o occur In a b e l t 
t h a t t r e n d s s o u t h e a s t a t l e a s t 500 km from the area ' 
of T r i a s s i c p l u t o n s in F igure 1 ( B u r c h f i e l and Davis , 
1972) . The p robab le ove r l ap in age of T r i a s s i c v o l 
can i c rocks of t h e marine p rov ince and t h e T r i a s s i c 
p l u t o n s of the S i e r r a b a t h o l i t h s t r o n g l y i m p l i e s the 
two s u i t e s of igneous rocks were comagraatic. More
ove r , the p o s t u l a t e d s o u t h e a s t e r l y s u b a e r i a l p ro lon 
g a t i o n of t h e e a r l y Mesozoic v o l c a n i c t e r r a n e and 
g e n e r a l l y c o e x t e n s i v e T r i a s s i c p l u t o n s provide a 
gl impse of t he locus of an e l o n g a t e magmatic b e l t 
t h a t was the f i r s t Phanerozoic a r c developed on the 
c o n t i n e n t in t h e s o u t h e r n C o r d i l l e r a (Hamilton, 
1969) . 

Contac t r e l a t i o n s h i p s among the t h r e e e a r l y 
Mesozoic t e r r a n e s sugges t t h a t the b a s i n a l t e r r a n e 
and the v o l c a n i c a r c t e r r a n e (excep t for t he Gold 
Range Format ion , Table 2) could be companions in a 
g i a n t a l l o c h t h o n t h a t moved con t inen tward over t he 
ahPl r t e r r . i n e . I t i s noteworthy t h a t i f n con t inuous 
t h r u s t '/.one a c t i i n l l y u n d e r l i e s tho b a s i n a l and v o l 
can i c a r c t e r r a n e s , the s u r f a c e t r a c e of t h r u s t would 
roupjily p.Tr.'ill'il .ind bo nooxton;vive with tho Pormo-
Trla.n.nlc Golconda t h r u s t a.i drawn by Speed (1977a) . 

F a d e s p rov ide no c e r t a i n i n d i c a t i o n t h a t t he 
southernmost o u t c r o p s ( t h e Gold Range Format ion, 
Table 2) of t he v o l c a n i c t e r r a n e r e p r e s e n t t he s o u t h 
ern l i m i t of- i t s d e p o s i t i o n . The bulk of the Cold 
Range was probably d e p o s i t e d s u b a e r i a l l y , and l i t h i c 
e q u i v a l e n t s may have extended un to ld d i s t a n c e s t o 
t he .south. In f a c t , s c a t t e r e d t r a c t s of poorly dated 
volcanogenic rocks t h a t a r e p o s s i b l y c o r r e l a t i v e 
with the v o l c a n i c a r c t e r r a n e of t h e wes tern marine 
province occur t o the sou th of the Gold Range Forma
t i o n ( F i g . 2) in- the Inyo , White, and Panaraint Ranges 
of Inyo County, C a l i f o r n i a (Johnson, 1957; Merriam, 
1963; HO.'^S, 1957; Abbott , 1972; Crowder nnd Ross, 
1973; S tevens and Olson, 1972) . Succes s ions in each 
t r a c t may be La te T r i a s s i c (age b r a c k e t s vary from 
as c l o s e as Middle T r i a s s i c - E a r l y J u r a s s i c t o as 
open as p r e - C r e t a c e o u s ) , and A b b o t t ' s (1972) s tudy 
i n d i c a t e s t h a t those of the Inyo and Panamint Ranges 
a r e c o m p o s i t i o n a l l y l i k e t h e T r i a s s i c v o l c a n i c rocka 
of tbe G i l l i s Range (Rogers and o t h e r s , 1971) . The 
d e p o s i t o n a l environment of Inyo County v o l c a n i c rocks 
i s not c e r t a i n , bu t t h e r e i s no ev idence for marine 
env i ronments . Thua, I propose t h a t t he realm of 
d e p o s i t i o n of T r i a s s i c vo lcan ic rooks extended s o u t h 
ward of t h e marine p rov ince in wes te rn Nevada on 
emergent ground as f a r as Death Va l l ey , and pe rhaps , 
beyond. 

The pauc i t y of ou tc rop of T r i a s s i c v o l c a n i c 
rocks sou th of the marine p rov ince i s due p a r t l y t o 
massive e r o s i o n because t h e wel l known sou theas tward 
i n c r e a s e in ave rage age of rocks exposed between the 

OROGENIC TERRANE AND DESTRUCTION 
OF THE MARINE PROVINCE 

The e a r l y Mesozoic marine p rov ince of t h e wes t 
ern Great Basin underwent major deformat ion and f i n a l 
effacemont as a s i t e of marine d e p o s i t i o n in l a t e 
Far ly J u r a s s i c and Middle J u r a s s i c t ime ( l a t e Toar
c i an and B a j o c i a n ) . During t h i s i n t e r v a l , sed iments 
of thn orogonifi t e r r a n n acoiimulatnd a t l o c a l s i t e s 
wi th in t he r eg i o n of t he m.';irino p rov ince south of 
about ICON. Most s i t e s were c r e a t e d by t e c t o n i c 
subs idence (Ferguson and Mul ler , 1919; Speed and 
Jones , 1969; W e t t e r a u e r , 1977) but a few seem t o be 
r e l i c s of the e a r l i e r open marine environment . 

This t e r r a n e c o n t a i n s the fo l lowing rock u n i t s : 
Boyer Ranch Formation (Speed and J o n e s , 1969); Love
lock Formation (Speed, 1971); Mut t lebury Formation 
(Speed, 1975)^ Humboldt l o p o l l t h (Speed, 1976); 
Middle J u r a s s i c rocks a t Westgate (Corva lan , 1962; 
Willden and Speed, 1971) ; a s s o c i a t i o n of q u a r t z 
po rphyry -qua r t z a r e n i t e - l i m e s t o n e conglomerate in 
the sou the rn S t i l l w a t e r Range (Willden and Speed, 
1971) , Pa rad i s e Range, and Quartz Mountain (R. C. 
Speed, u n p u b l . ) ; Dunlap Formation (Ferguson and 
Mul le r , 1919; N i e l s e n , 1953; S t a n l e y , 1971; 
We t t e r aue r , 1977) ; gypsum, q u a r t z s a n d s t o n e , c o n t i 
guous vo lcanogen ic s t r a t a a t Ludvig, Singat.se Range 
in the wes te rn E x c e l s i o r Mountains, and in the Pine 
Grove H i l l s (R. C. Speed, u n p u b l . ) , and the Prea
c h e r s , Veta Grande, and Gold Bug Format ions of Noble 
(1952) . 

Rocks of t h e o rogen ic t e r r a n e l i e v a r i a b l y 
with conformity or unconformity above s t r a t a of the 
t h r e e Mesozoic t e r r a n e s and in t h e P i l o t Mountains , 
above pre-Mesozoic r o c k s . Basal s t r a t a of the o r o 
gen ic t e r r a n e a r e a lmost uniformly q u a r t z sands tone 
which may be i n t e r s t r a t i f i e d with c a r b o n a t e - e v a p o r i t e 
rocks o r i n c l u d e q u a n t i t i e s of coa r se t e r r i g e n o u s 
sed iment . These rocks a r e commonly o v e r l a i n by v o l 
canogenic sed imentary rocks and minor volumes of 
a n d e s i t e and s i l i c e o u s vo l can i c r o c k s . Major excep-
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tloiiri to l.hi.'i thune occur at two pL.Tcu.'.i. Marine 
carbonate rocks that are late liirly Jurassic and 
Interstratified with quartz .'sandstone at Westgate 
(Fig. I) are continuous with early Middle Jurassic 
llrap.ritone (Corvnlrin, 1962). In tho Pine Nut Range 
(Noble, 1962) .'ind nearby areas, quart'/, .i.-ind.itone is 
overlain by several kilometers of volcanogenic rocks 
of which welded tuff is the predominant constituent. 

Dating of the quartz sandstone of the orogenic 
terrane is meager but 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 lopollth 
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, 
1919, 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 arc 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 IOON 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, 1919; Wetterauer, 1977) and warps of free 
surface at other places. Quartz sand from the same 
sources that fed the Jurassic Nugget-Navajo-Azteo 
sand accumulations in the eastern Great Basin 
migrated into the tectonic lows that developed in 
the western marine province (Speed and Jones, 1959; 
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 39ON was apparently caused by increased up
lift and deformation (Speed and Jones, 1969) 1 

although marine deposition occurred na Into as 
Bajocian time at Westgate (Corvalan, 1962). South 
of 39°N, the source of debris in the volcanogenic 
rocks wfilch abruptly succeed the quartz .sandstone is 
inferential. The thick succession of volcanic rocks 
above tho quartz .sandstone in tho Pine Nut Range 
(Noble, 1962), however, Indicates that volcanic 
sources existed In what is now a westerly direction. 
There is also a general .southward thickening of tho 
volcanic .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 
diiring 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 quiesenoe 
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 Creat 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 Paleozoic 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 arc 
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 tho late Paleozoic 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
tism. 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. 
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.'liili.-i ldiiiici>-f>r I,111! p.irl. or. til 0 m.'irliKi prnvlnoo 
Jn which tho early Mesozoic volcanic arc terrane 
nociimiilatcd wa.t evidently affected by heating that 
c.'iii.'ioti Tria.MoiC mrigmntl.'jm. If tho hypotho.'iis Is 
correct that Triassic volcanism started at about 215 
mybp, rohoatlng In the llthosphore below the volcanic 
terrane presumably started sometime earlier, perhaps 
at 220 mybp. If collison of the late Paleozoic 
lltho.'jphero was complete at nbout 235 mybp (approxi
mate time of Koipato rhyolitic volcanism), a gap of 
some 15 m y intervened between tho onset of cooling 
,ind reheating. Thus, the general hypothesis predicts 
that early subsidence occurred in the region of the 
volcanic 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 (1971) 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 
of 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 characteristics 
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 
nflrlne 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 
major contributor. The timing of onset and cessation 
of Triassic vol'canism 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 
volcanic successions of postulated Late Triassic age 
in Inyo 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 volcanic 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 
transport 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 

long (.100 km) tr.'in.'ipoi't aiul(or) riltorntod during 
diagenesis. 

.'.;UMMAnY: MODEL OF PALTOiEOGHAPHIC EVOLUTION 
OF EARLY MESOZOIC WESTERN MARINE' 

PROVINCE AND RELATED AREAS 
The long standing Paleozoic continental margin 

in what is now central and western Nevada (Fig. 1) 
wn.T tho locus of collision with an onatorly to 
southeasterly migrating late Paleozoic volcanic arc. 
The collsion occurred in the Early Triassic perhaps 
at about 235 mybp but not nccosanrlly ovorywhoro nt 
the same time. The late Paleozoic arc welded to the 
continental margin, and the convergent boundary that 
had previously dipped below the are 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 provioe 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 
procR.ises 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 heraipela-
gic(?) carbonate and silicaclastic muds accumulated 
over the late Paleozoic basement (Fig. 2a). 

Widespread magmatism began at about 215 mybp 
and caused volcanLsm in the southern half of the 
marine province (Fig. 2b) and probably in a contigu
ous belt of emergent territory at least as far south 
as 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 upliXt 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 subsident region. There, one or more fluvial-
deltaic conduits, like that documented by Silberling 
and Wallace (1959) 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, 1959; fades 
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mid~ Jurassic 

Figure 3: Diagrams showing model plate evolution 
in Permian to raid-Jurassic time; large arrows in
dicate direction of relative velocity of imping
ing plates, continent fixed; Cal. is Calaveras 
ns.'iembl.'iRe east of Melones fault and of the Mer
ced River type. 

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. 2c). 
Volcanism waned and may in fact have ceased. The 
southern region of the province was then covered 
partly if not continuously by carbonate banks. The 
basinal terrane received only meager influxes of 
siHoacl.ns tic debris relative to tho.ic of earlier 
time. Moreover, subsidence of the deeper basin 
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 
10° may have emerged at about this time. 

At about 'the beginning of the Jurassic, regions 
of the southern basinal terrane and the volcanic 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-
spherO because it was affected by a pulse of Late 
Triassic magmatism that was absent in the northern 
half. 

Tho southwestern portion of the marine province 
In tlio F.nrly Jura.'jsic was trnnMitlonal to .1 subsiding 
trough or basin that lay farther west and accumulated 
large volumes of volcanogenic material. Indood, the 
evolution of the early Mesozoic marine province 
provido.'i a record of the sudden creation of a basin 
mnrglnnl to tho continent, itn trnnsformntion through 
lithospheric cooling to a continental shelf-like 
regime, and tho generation of a new marginal trough 
west of the accreted lithosphere. 

Mld-Jurnssic orogeny .severely massaged tho 
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' TBCTONIC 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, 
1971) 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 N70°E 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, 
assuming these trend lines were initially straighter 
as first argued by Albers (1957) and Stewart and 
others (1968); mid-Jurassic right slip may also be 
indicated by geometric analyses of deformed Mesozoic 
rocka In the western Sierra (Wctzol and Nokolborg, 
1976) and by the possible north-westerly trend of 
the spreading center that created the mid-Jurassio 
Coast Range ophiolite (Hopson and others, 1971). 

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 arc 
migrating southeast in the Permian and overriding 
ocean floor. The late Paleozoic volcanic rooks lie 
above earlier arc-related volcanic rooks 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; 
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."."•liwclldM'l, .'mil otiiei'.'i, iyV7) .'i)',.'i Iii.'it .'mil iindor tlnj 
nrc pedcital. Mlgr.ition of .'jiibdiictlon '/.one below 
the Cnl.'wci'.'i.'i .'I'Tlnwoil Perm Inn (2'.)9 my, Moiy.an .'ind 
Stern, 1977) plutonism of tho volcanic arc to affect 
the Cal.ivcra.i no well, ns rock.i of tho arc podental . 
The plate southwest of the volcanic arc was presum
ably of chiefly oceanic character. 

Figure 3b shows an assumed]y straight Early 
Triassic collision boundary between volcanic arc and 
continent east of what is now the Melones fault. 
The accretionary arc of late Paleozoic ocean floor 
sediment propelled by the migrating volcanic arc 
l.ioa 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-defUnot 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 (1971), and provides one 
means of explaining the major left lateral offset in 
Precambrian terranes of the Mojave region (Silver 
and Anderson, 1971). 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
zoic 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 
3o 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 
volcanogenic 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-

l.liiii iiiiil 11 .tiMi.'in (if rl(/.lit-ubl I'.iiio oonVoi'gnnOo I'O.ln-
tive to tho plate boundary. Figure 3o indicates 
mnjor nln.iuro of thn b,ick-nro trough nnd right 
lateral drag together with major shortening of 
features in tho Creat Basin in a direction normal to 
the convergent component. Diocroto right slip offsot 
may have occurred on many faults in a zone which 
lies within the present Sierra Nevada. Thrusts in 
the Great Basin allowed rooks of the basinal and 
volcanic terranes to squeeze out over the shelf of 
tho marine province to accommodate tho 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 
re''.ative 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. Taylor 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 is 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 State University, Logan, Utah, is pursuing a vigorous program 

of energy research in four areas: 

1) We are helping Utah's local governments develop a more adequate 

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 Rocky Mountain States 

and others in the region, we are studying the feasibility of 

developing a more unified region-wide policy response to the 

demands upon the region's energy resources (funding by the 

Rockefeller Foundation). 

3) In addition, 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 

animal waste and Its use in automobiles, design of solar crop ' 

driers, and measurements on combustion gases. 

4) The Institute for Socioscience Research on Natural Resources 

at Utah State University is investigating the socioeconomic 

impact of various energy problems on the region. 

February 8, 197̂ 1 



ABSTRACT 3 

Energy Research in the College of Mines and Mineral Industries, 

University of Utah 

Dr. Larry Anderson, Associate Professor, Department of Fuels 

Engineering. 

Energy research in the College of Mines and Mineral Industries 

is now funded and active in the general areas of coal conversion, 

mining, geothermal resources, and basic research. The major 

areas of present effort will be discussed as well as proposals 

that have been submitted but not yet funded. Anticipated research 

on energy will also be outlined. 



ABSTRACT ̂  

Abstract 

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



ABSTRACT 5 

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

R. E. Powe, H. W. Townea, D. 0. Blackketter 

This paper describes a program for determining the feasibility of 

using a car-airfoll system for extracting energy from the wind and con

verting this energy to electrical energy. This system Is expected to 

consist basically of a continuous string of cars travelling 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 would 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 to the car axles, and then removed from the system by a slide 

rail arrangement. It is reasonable to expect that such a system is more 

feasible now than at any time IQ the past because of relatively recent 

developments ln aerodynamics, solid state electronics, and process con

trol, developments which have not previously been applied to wind .power 

devices. 

An assessment of the technical feasibility of utilizing this parti

cular momentum Interchange device for conversion of wind energy to mechan-. 

ical energy is currently being made through support of tha Research Applied 

to National Needs (RANN) Program of the National Science Foundation. Using 
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a systems approach to design, the system has been subdivided into four 

major components: airfoil 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

native- designs for the major system components. Using this program, 
a 

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 particular system has 

significant potential for extracting large quantities of energy from 

the wind. It is 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 application. 

This paper presents some of the specific alternative.designs for 

the major syiatem 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. 
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TITLE: The "Hydrogen Energy" Concept 

BT: Dr. Kenneth E. Cox 

Associate Professor 

Chemical and Nuclear Engineering 

University of New Mexico 

Albuquerque, 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 aa the storage possibllitiea 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-atep closed-cycle thermochemical 

decomposition process. Electrolysis of water to obtain hydrogen, however, 

suffers from energy conversion inefficienclea. 

With transmission, storage and distribution techniques already developed for 

natural gas — aa well as innovative techniques to be developed — hydrogen 

makes an excellent fuel that is compatible with most of today's end usee. 

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 ia mainly 

water, hydrogen offers significant environmental benefits. 
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AN OVERVIEW OF U. S. BUREAU OP MINES 

AND OFFICE OF COAL RESEARCH 

ENERGY RELATED PROGRAMS 

A B S T R A C T 

By 

James I. Craig 
Liaison Officer - New Mexico 

U. S. Bureau of Mines 

The U. S. Bureau of Mines and Office of Coal Research 
have a wide range of programs designed to contribute 
to the effective utilization of our country's natural 
mineral and fuel resources in the best interest of 
the nation's social, economic, and security require
ments. To meet these problems, the Bureau and the 
Office of Coal Research are pursuing 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 
paid 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 noneconomlc. 



ABSTRACT 9 

RESEARCH PROGRm OF LAR>»fIE 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'-

clency of recovery and use of this material, to encourage the exploi

tation of oil shale as a supplementary 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

troleum 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 

direct combustion with air. These projects are conducted at the main 

research center facility in Laramie, a pilot scale retorting site a 

short distance north of Laramie, and two field 8it(B8--one for In situ 

oil-ahale experiments near Rock Springs, Wyoming and one for coal 

gasification experiments near Hanna, Wyoming. 
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NCAR's AEROSOL AND CLIMATE 

PROJECTS AND THE ENERGY CRISIS 

by 

Ronald L. Drake 

Abstract 

As increased coal burning, oil 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 air locally and regionally, and to determine the 
long-term effects on global climate. If clean air standards are 
to be compromised, it will be Important to understand the effect 
on air 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 following: 

Summary of the Energy Inquiry panel and workshop 
discussion of the meeting sponsored by the 
American Association for the Advancement of 
Science, held here on January l8, 197^. 

Activities of the' Energy Economics Research Committee. 

Survey of other energy research on campus. 

Project Power. 
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Fusion-Plasma Confinement in 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 af 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. 



ABSTRACT 13 

Abstract of Remarks Concerning Energy Research 

Electrical Engineering Department 

University of Colorado 

Energy-oriented research In electrical engineering at the University 
of Colorado can be divided Into three primary categories: 

1. Transportation. Work has been In progress at the undergraduate level 
for the last two years In the evaluation of battery-operated propulsion 
equipment for private automobiles and In the development of a hybrid 
propane-electric vehicle. An operational battery-powered vehicle has 
been undergoing efficiency 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 levltatlon. Although no pro
totype vehicle has been constructed, the theoretical feasibility has 
been evaluated. 

2. Solar energy. Research is getting under way in the form of a joint 
effort between our materials and power groups to evaluate and develop 
a solar house in which both heating and electrical requirements will 
be partially met from solar energy. Unique features Include Che 
development of a low-cost sol Id-state roofIng material In sheet form 
which can be used directly as a solar to electrical converter, and the 
use of existing utility sources for energy storage. This latter effort 
requires close cooperative effort with the Public Service Company of 
Colorado. 

3. Alr Pollution 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 
their removal in scrubbers and precipitators. A separate study is being 
done on cooling pond, plume formation equations. 
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ENERGY RELATED RESEARCH IN PROGRESS 

AT THE 

ARIZONA ECONOMIC INFORMATION 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 primarily 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 Corners 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 
Dlrector 

January 25, IS?'* 
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Energy in Utah 

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 Utah. 

The data being assembled will be used to develop a total energy 

"picture" of past and present energy flow patterns in Utah. This 

"picture" is expected to be the basis for developing alternative energy 

future.s for the state. 

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. 



ABSTRACT 19 

OPERATION AND ECONOMIC EVALUATION OF DRY COOLING 

SYSTEMS FOR POWER GENERATING PLANTS 

ABSTRACT 

A means of disposing of waste heat from steam-electr ic generating 

plants directly to the atmosphere is available to the utility industry as 

an alternative to either once-through cooling systems or evaporative 

cooling to'wers. 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 SSO-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-contact 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 system, 

steam is condensed in the air-cooled heat exchangers without the use of 

a direct-contact condenser or circulating water. 

The heat exchange characterist ics of a dry cooling system are 

different from those of an evaporative cooling system, and an econom

ically-optimuni-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 economicis of us ing d ry cooling s y s t e m s with 

l a rge p r e s s u r i z e d - w a t e r nuclear generat ing plants indicate that the 

capital cost of the dry sys tem would be m o r e than double the capi ta l 

cos t of an evaporat ive cooling sys tem and that the capi ta l cos t of r e 

placing generat ing capaci ty to compensa te for the lo s s in t u r b i n e -

genera tor capacity during hot weather would add an additional capi ta l 

cos t to the dry sys tem. 

A computer p r o g r a m has been developed to d e t e r m i n e the econom

ically optimum dry cooling sys tem, taking into account annual capi ta l 

cos t s , total plant fuel c o s t s , cost of cooling sys tem auxi l ia ry power , 

operat ion and maintenance c o s t s , cos t of rep lac ing genera t ing capaci ty 

lost during hot weather and other cos t s influenced by the cooling sys t em. 

In a recen t study, the i nc r ea se in b u s - b a r e l ec t r i c a l energy cost 

for a la rge nuclear genera t ing plant using dry cooling as compared to 

conventional evaporat ive cooling was found to be in the o r d e r of 0.9 

mi l l per kWh, including fixed cos t s on capi ta l and r e p l a c e m e n t cos t of 

capacity and energy lost with the dry sys tem during hot wea the r . The 

i nc r ea se , which is equivalent to approximate ly 12 pe rcen t of the b u s 

b a r energy cos t , could possibly be offset by ce r t a in advantages of d ry 

cooling such as flexibility of si t ing, wa te r sav ings , and abili ty to ins ta l l 

additional generat ing uni t s at s i t e s o therwise l imi ted by lack of cooling 

wate r . 

- 2 



ABSTRACT 20 

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 develbpment of greater 

crop yields. 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. In other areas of solar 

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 Agriculture. The other is a solar demonstration home which 

would be used to test and assess the advantages of solar utilization methods 

In a typical New Mexico climate. 
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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 energy, direct energy conversion 

methods, the production of synthetic liquid fuels from coal and the societal 

needs and demands which will result 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-REliAIED PROGRAMS AT SAWUIA LABORATORIES 

A. Karath 
Vice President 

Sandia Laboratories 

ABSTRACT 

A major fraction of Sandia Laboratories' energy-related efforts 

are concentrated in five areas. These include (l) Nuclear Fuel Cycle 

Safety and Security, (2) Solar Energy, (3) Non-Nuclear In Situ 

Recovery of Oil from Shale, (4) Pulsed Fusion, and (5) Advanced 

Drilling Technology. Lesser efforts are also being devoted to other 

areas -- Conservation Technology, Hydrogen Economy, Improving Combustion 

Efficiency in Automotive Engines, and Energy System Studies. The :pro-

posed approaches and objectives in each of these areas will be briefly 

described. 
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PROPOSED COLORADO ENERGY AND MINERAL INSTITUTE 

Abstract 

The beat 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 some cases. Therefore, policy-making and legislative considerations 

as well as technical programs must be integral to the work of the Institute to 

provide input for complementary State and Federal decisions. 

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 development of its resources. 

To achieve the stated goals, it is 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 deyelopment 

efforts, (2) development of technical and policy research programs, 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 of Colorado's 

economy so that Colorado citizens may benefit to the fullest degree from develop

ment of its resources. 

The Institute is seen as being an organization with initial emphasis on 

energy and energy-related minerals and longer term emphasis on both energy and 

minerals. The first year funding objective is $2,000,000 from a combination of 

State, Federal, and industry fund sources. First year State funding for operat

ing is requested to be $980,000. 
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MEMORANDUM 

from LarryL. 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 the 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 draffof "Activities of Q Division, The Energy-Division at 

the Los Alamos Scientific Laboratory" from Ed Hamel. A copy of the final 

report will be sent to me upon publication. Copies of reports on hydrogenas 

a fuel can be obtained by writing for Vol. I and/or Vol: II of "A Hydrogenergy 

Carrier", Summary (1973) NASA-ASEE, Johnson Space Center - 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. Abegg. 

Energy Research In the College of Engineering - University of Utah 

Areas of research in energy* either in progress or proposed, fair 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 subniitted but not yet funded amount to $7.7 

minion or approximately $2.63 million/year. 

Some proposals which have been 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 Coaland Coal-Derived Products 

IV. Refining and Processing of Coal-Derived Liquids 

V. Application of Geological and Geophysical Methods to Discovery of 

Oil 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. Montoya - (Sr. Senator, N. Mexico) 

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

Q 

Chase Manhattan Bank predicts we must put up $400 x 10 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, FEO, Commerce, 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. 

Senator Pete V. Domenici - (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 Govei^nor of N. Mexico) 

"Petroleum Crisis" more accurate than "Energy Crisis" 32 states which pro
duce energy. (N. M. 10th in.S coal reserves) (anhydrous NH^ tripled in price 
in last 40 or 50 days, critically needed in Western states). 



J. I. Craig - USBM 

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

Exploration peak for cf'ude oil was in 1965. Production peak for crude oil 
was in 1970. 

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

Importing of petroleum 

In fouryears - imports grew from 14% to 39% (1969-1973). 

Project - Independence 

Research in B of Mines 

Expenditures 

1979 $23,972 x 10^ 

1975 $32.9 X 10^ 
requested 

President's budget shows 137 x 10 

Mining Research 
Metallurgy 
E;nergy - Bartlesville, MERC, PERC, Laramie, San Francisco 

394 projects funded in the energy area T $140,023 
Example - Citrate process -for SO, 

(Kellog, Idaho) "̂  
Underground gasification - Laramie 
MHD - can use coals with up to 4.0% S. 
Insitu retorting of oil shale 
CH^ Drainage of Coal Mines 

36" hole in coal in West Virginia - present output 900,000 ft 
CH/j/day without pumping. 

Removal of CH. from exhausts of coal mines - up to '\' 0.75% CH^ 
This CH^ could be significant since in many mines up to 
500,000 ftvminute air is exhausted. 

Projects for synthetic oil and gas from coal include: Synthoil - PERC 
Synthane - also at PERC 

1972 - $260 X 10 (research in progress) 
1974 (Budget) $143 x 10^ 

OCR 

Work with AGA in development of gasification of 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 generation 
Low-Suifur Liquids from Coal 

Other supporting projects .., . 
There are 41 projects now being supported by OCR 

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

Mission - Student Excitement 
Research 

Electric Power P.^JT-., 
Transportation ^^"^^^^y 

(Battery Operated Car - Renault) 
Air Quality Control 

SOp, particulates 
Gas precipitators 
Lightning Research 
Solar Energy (Frank Shreath) 

Mostly spherical reflecting mirrors, etc. 
Household application 

Wind power 

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

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

Mission - Provide information tb 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+ Utilization 

Efficiency (conservation) 

Considerable planning on fusion R&D Non-technical 

Balance of payments 
Patent policies 
Regulations 
Lisences 



Major Effort 0 LASL is in Fusion 

Pulsed high 6, 9 pinch machine 

100 X 10 °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. 

Geothermal Resources 

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 

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 drill down and then initally crack the rock perpendicular 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 SiOp 
would be dissolved in the water that would be circulated, This 
silica would have to be disposed of. 

Field experiments 

First hole successful in fracturing. Next step will spend about 
$3 X Id this year. 

Subterrene: 

Drilling by.melting the rock without rotation (penetration) 

This drilling technique-works in rock where p,. ^ „, > p, i.. î ( ^ r i - n ^ n u *-Ur, n/„,4w\.««i.. 4.' 1 'TP Tock. ^solid rock ^actually the liquid cools to a glass • 
lining on the wall of the hole) 



A 114 mm (diameter) 

Correr has been used 

One consequence is that.a glass wall on the sides.of the hole forms 
helping to seal and support it. 

Fission Reactor Program 

Liquid water reactors 

AEC has recently cone, on LMFBR. Other types will now look at 
other types such as HTGR (High temperature gas reactor): 

Solar Energy 

Solar panels 

For example an expanded.metal solar collector expands to a pillow, 
costs about 80(J;/ft'̂  

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

Solar heating for mobile homes 

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 '̂  1-1.5 x 10 volts. This entails serious 
safety problems and results in high losses.-

(2) Reduce losses by using Superconductors. 
4 5 

Superconductors have capacities of 10 to 10 times the capacity 
of conventional conductors of the same diameter. 
Refrigeration stations would be necessary every 20 miles. T 
of operation would be a. io°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 1s 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 likely much less reliable than direct measurements 
done by NMIM in 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. 

J. P. Rossie - R. W. Beck & Associates 

Repori:(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 10 gal HjO used per day for a 
1000 MW power plant (most of this water Ts lost,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 ve ry important since present turbines are not designed 
for high back pressures^ 

F. J. Stermole - Proposed (Energy Research Institute at Colorado School 
df 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 mill 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 certain 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) 
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Major Areas of Research on Energy 

L Nuclear Fuel Cycle 

Safety and Security 

II. Fusion Technology 

E-Beam 
Advanced'Laser 

<? 

Materials 

III. Solar Energy 

Commercial and Subdivision applications 

IV. Shale Oil - 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 

'\j 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 H2» Fp 

Need is for a laser having at least 1000 Joule capacity 

Direct use of electron beam 
Relativistic electron beam (REB) 

Problems - Focusing 



High energy El. beam accelerator (Ripper) 

M I , Solar Energy 

Rocky mountain area in an area of high flux (of solar energy) 

Coal -> Electric power efficiency 35% 

Solar •* Electric power. (T = 1000°F) " ^ <35% 

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 -v- $.4/ft panels (results calculated) T = 400-500°F using 
focus collectors. 

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

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

For Impetus the design group is presently housed in the building 
which will be solarized. 

One of the big problems - public acceptance of .̂ solar heating.' 

IV, In situ Fossil Fuel Conversion and Recovery 

This effort is concentrated on oil shale 

Recovery 

(Garret process depicted. In situ oil shale retort) 

Mining - demonstrated experience 

Crushing - demonstrated 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.Advisory Council on Science and Technology) ̂  

Data base being established for consumption, production, exploration 

Study on energy.will begin from 1955; At present Utah has approximately 
1,2 X 10 people and the growth curve is yery steep. 

Natural gas usage reserves were.depicted. 
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Utah production gradually decreasing while the population is increasing, 
Therefore, the consumption is gradually increasing (all of the difference 
coming from Coloradoand 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 ti 11 age 

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 (-v 35 years ago) 

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

Current work -
Utilization of solar energy for heating and cooling. Thru 
efficient use of Insulation '̂  4Q% reduction in heating 
demand can be realized (1700 ft /house). 

Telescopic solar trap tested 

T = 29rF achieved (max) eff. '̂  55% 

Flat plate,solar collectors 

Heat 1s transferred to H^O which is circulated. Plastic 
material is used to prevent reradiation. 

Solar demonstration house to be built and tested (3 badroom). 
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 f t ^ of l iv ing space with 7000 f t ^ of collectors 

35 x 10 gal tank (operating at 30 psi) 
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The cooling medium is,a HoO - antifreeze solution. 

The building wilT have' 3 to 4 days storage in case of 
fnclement weather. 

Lithium salt absorption aux, boiler for aux, system 

Robert M. Lawrence - (CJS.U>) 

Major area's, of energy.,resear'eh.(Direst) 

A. I. (SEAL) (Solar Eneifgy Applications Laboratory) 

P.I, George Lof 

House to be tested: 1500 ft (main level floor area) + basement + 
2 car garage. Solar energy.will be used both for cooling 
and heating -̂  16' x 48' p'a'hel to be used as a collector, •• 

II,: Computer simulation to check 5 other U.S. areas to predict the 
appTication of solar energy in other climates, 

i n . Cost ..benefit an|lSfsis, 

B. Flora and Fauna -

Wayne Cook - Revegetatton of spent shale' 
Effe'cts of oil shale mining and spent shale, on hoofed 

animal life. 

C. Saline qualit)^ of Upper,Colorado.Basin water. 

The resea'rehers are now obtaining baseVine data,on'water quality for 
latereomparison when an ofl shale industry has developed. 

D. wind Tunnel Research 

Jack Cernak 

Effects of mountains and•tall,buildings on wind yelocities and trans
port of pollu'tantSi 

E. Organic^ wastes 

Conversion and,utiTization of-,an-1mal and other organie wastes to more 
usable energy 'forms, 

F. Atmospherie•Research Center 

Electrical Engineering Department - Nuclear (NSF supported) separation 
of U23g from Û .̂̂ ^ by lasers,> 

G. Social Sc'ienee Political Sc fence 

Affect decision making processes of the exploitation of the Rocky 
Mountain energy sources. 
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Alternative tax modes-VAT, severence, etc. This would fnclude impacts of 
such things as alcoholism, fluctuations of epmmunity populations, auto 
accidents.) water supplies, etc, due to new population centers which would 
develop as a result, qf tlje, development of energy resources in the Rocky 
Mountain area, 

One answeir mtght be to work to geit-authority for a Regional agencyCies) -to 
InfluehGe development such as the Port of N.Y. Author •ity which has definite 
powers i n Ne,w York even though it 1s not a state or city government. 

Future possibilities 

National development of Products frorn or associated wi-th Rocky Mountain 
Energy resourcesv 

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 CPDU) 
Field sites 

Rock Springs 
Hanna 

Anvil points si'te fs now operated by consortium of 18 companies testing 
oil shale processing, 

AREAS OF RESEARCH 
I., Petroleum Reseairch (oldest program) (-x. 20% of budget) 

Areas 

Production 
Utilization and Chemistry 

(Also some conneGtion with Utah Geological Survey on recovery of 
oil from tar sands). 

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

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 
Asphalt Ridge or In the PR Springs area. 

Petrol euni Chemistry 

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

2. Properties of high boiling petroleum fractions.(6P. > 700°F) 
This research will be discontinued. Separation of hi bp. 
fractions into classes (TA, TB, ofIs, etc). 

Asphalt properties on road application, ,in fresh state, alteration 
of prop^Vtie,s, ' 
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II. Oil Shale Research Areas have been ve ry general (-v 30 years working In 
this area) { ^ 60% of-budget) 

Location of oil shale' 
Exploration, Production of oil shale 
Properties of oil shale 
Utilization of oil shale 

Oil Shale 

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

Evaluation of areas of lease properties 
Cori ng 
Analysis, lithology 

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

Retorting of O.S. 

No work onaboveground retorting 
No work on mining of O.S. 

Insitu Processing Work 
A. Underground rubbleized volume 

Combustion 
10 ton capacity 
150 ton capacity ^^'tp 145' high 

Studying - properties of oil 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 O.S. without extensive rubbleizing. Hydraulic or 
chemical explosive. 

This work will use simulated petroleum fire flooding 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. 

Oil from oil shale properties 

Reactions studied 

Hydrogenation and oxidation to get rid of the nitrogen in 
the-oil. 

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

Waste problem - spent shale. Above ground retorting - effects 
on ground water quality. Also possible effects on ground water 
quality of insitu processing. 
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III. Coal - Field Experiment on Underground gasification of sub-bituminous 
coar(Hanna, Wyoming) for production ofilow Btu gas for Electric Power, 

{• i 20%; of budget)" 

Heating value of the gas produced.is 120-140 Btu/ft^. Production is from 
a 30 ft seam which is about'400 feet deep. 

The location of the test is 3/4 of mile off the highway near Hanna., 

Technique - 16 holes with fracturing in.center hole. Air is being pumped 
in and gases pumped out. The Bureau has spent about 9 months work on 
this experiment. It will end soon since they are.reaching the limits of 
the experiment^ 
Laramie Center expects to continue this work with oxygen enriched gases 
for feed gas and a.lso using horizontal holes in coal beds. 

Helmut Frank - (University of Arizona) Economist 

I. Economics of Energy 

II, Examples of interdisciplinary resources on energy-

Ill, Research in Science and Engineering Depar.tments 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
lication is available) 

Oil importing policies 

Implementation of this money in.Saudi Arabia 

Economectric 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,bull dings 
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 
Plow 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 Rxtr Systems 

Assessment of future rxtrs. 

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

Hydrogen as a Fuel 

H2O ^ H g ^ O , 

This can be done by: a) e_,lectrolysis-
b) thermal dissociation (T = 2500*K) 
c) thermo-chemical HTGCRxtr •(700°C) 

Thermal -> H2 efficiencies found 50-60% 

Solar energy shortcomings (low concentration) 

Methods of H2 generation from solar energy: 

Silicon solar cell process - Eff -v 15% 
Vapor power cycle - Eff "̂  20% 

Cost is '̂  $1,0OO/KW 
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Thermal-chemical process Eff '̂  30% 

Cost -v $575/KW 

Storage - large dewar at Cape Canaveral which holds '̂' 1 x 10 gal LH2. 

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. Dfake - 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% sp]it between NCAR and University Programs 
Aircraft facility - with aii*craft and glider'(also aboiit,50-50 split 

NCAR - Universities) 

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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