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U.S. GEOLOGICAL SURVEY • 
NATIONAL MAPPING DIVISION 

EARTH SCIENCE INFORMATION CENTER - LAKEWOOD 
ROCKY MOUNTAIN MAPPING CENTER 

DENVER, COLORADO 
(303) 236-5829 
FTS 776-5829 

ADVANCE MATERIAL INDEX 

The accompanying pages show the status of Topographic Mapping and Orthophotoquad Mapping, 
and the availability of advance materials. These indexes are produced on a quarterly 
basis and are furnished to requestors free of charge. Following is an explanation of 
symbolization and ordering information. 

TOPOGRAPHIC MAPPING 

2 Aerial photography completed. For ordering address, see note (a). 

3 Basic horizontal and vertical control surveys completed. Monumented control may or 
may not have been established in this quadrangle. Descriptions and unadjusted 
coordinates and/or elevations are published in 15-minute quadrangle lists. Advance 
maps are not available at this stage. Price is $1.25 per list (horizontal or 
vertical). For ordering address, see note (a). 

4 Prints of manuscripts (without feature classification, names, boundaries or land 
net) compiled from aerial photographs are available for $2.50 each. See note (a) 
and (b). 

5 Field mapping and checking completed. One-color unedited advance prints (without 
names) are available for $2.50 each. See notes (a) and (b). 

6 Final drafting completed. Partially-edited one-color advance prints (with names) 
are available for $2.50 each. See notes (a) and (b). 

P Maps published since the latest edition of the State Sales index to published maps. 
See note (c). 

\ Maps published at 1:62,500-scale in 15-minute quadrangles. However, l:24,000-scale 
one-color prints in 7 1/2-minute format, with appropriate accuracy and contour 
intervals are available at $2.50 each. See notes (a) and (b). 

Screened areas represent projects in progress at Mid-Continent Mapping Center. 
Indicated advance materials are available through ESIC-M, USGS Building, 1400 
Independence Road, Rolla, Missouri 65401. (314) 341-0851 or FTS 277-0851. 

Screened areas represent projects in progress at Western Mapping Center. Indicated 
advance materials are available through ESIC-W, 345 Middlefield Road, Mail Stop 532, 
Menlo Park, California 94025. (415) 329-4309 or FTS 459-4309. 



ORTHOPHOTOQUAD MAPPING .' .J .u . \ 

2 Aerial photography'completed.ige^neraTly quad-centered at l:80,000-scale. See notes 
(a) and (b). 7 3 X ' : : •'i?:;"--./i - " ' . - . 7'^ ''^: Z : 

' • . ^ " 7 : 3 •.•••••••• • 

4 Advance copy available. See notes (a).and (b). Price per copy for screened image 
on diazo paper is $3.00; for halftone print on waterproof diazo or single weight 
positive paper is $15.00; for continuous tone image on photographic paper is $20.00; 
for screened image on mylar or continuous tone image on opaque scale stable film is 
$36.00. ,; 

\ Same materials available as 4, however, land net (General Land Office) is shown. 

0 Second generation advance copy available. Refer to 4, above, for ordering 
information and prices. 

•& Same materials available as 0, however, land net (General Land Office) is shown. 

D Third generation advance copy available. Refer to 4, above, for ordering 
information and prices. 

B. Same materials available as D, however, land net (General Land Office) is shown. 

NOTES 

(a) Requests for aerial photography, control lists or advance prints should be sent to 
the U.S. Geological Survey, Earth Science Information Center-Lakewood, Federal 
Center, Box 25046, Stop 504, Denver, Colorado 80225. Payment in the exact amount 
must accompany order. Check or money order should be made payable to the 
Department of the Interior, USGS. Please do not send stamps or two party checks. 
Purchase orders from commercial sources must include Federal tax identification. 
Discount agreements are not honored. Postage and handling charges are $1.00 on all 
map orders of less than $10.00. 

(b) In ordering material or requesting information, mark your area of interest on the 
accompanying index and forward it with your order. A new copy of the index will be 
returned to you for future use. 

(c) Requests for State sales indexes (free of charge) and for published maps and charts 
should be sent to the Branch of Distribution, Central Region, U.S. Geological 
Survey, Federal Center, Box 25286, Denver, Colorado 80225. (303) 236-7477. 
Remittance must be made payable to Department of Interior, USGS. 

(d) This explanation sheet refers to the Advance Materials Indexes for the states of 
Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, 
Oregon, Texas, Utah, Washington and Wyoming. Questions about the mapping program 
for the remainder of the United States should be directed to ESIC-M, USGS Building, 
1400 Independence Road, Rolla, Missouri 65401. (314) 341-0851, FTS 277-0851. 

Earth Science Information Center office hours are from 8 a.m. to 4 p.m. Monday through 
Friday. 
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WASHINGTON 
CLARK 2*"ln-3€ W 
WASHINGTON DIV 1 Camas WILDCAT (Temp 
OF GEOLOGY & Gradient ) U 
EARTH RESOURCES 

-NW Sfi. 

(11-30-79 B K ) . El: 220 GR. 
Spud 12-12-79, dr ld to 500, cmtd pipe @ 500, TD 500. 
. . . T e m p e r a t u r e g r a d i e n t well, comp 12-13-79. 

WAl-122879 

Vl) Petroleum Information. 
co.TO.»iK)~ ©COPYRIGHTEO 1979 
„ . , , , „ _ , REPRODUCTION PROHIBITED FomNo,6 l l 



WASHINGTON 
CLARK 21-2n-3e W 
WASHINGTON DIV 2 Camas WILDCAT (Temp 
OF GEOLOGY & Grad ien t ) U 
EARTH RESOURCES 
bW b E . ^ 

500. (11-30-79 BK) . El: 260 GR. 
Cont r : SoU Sampling Serv ice . Spud 11-28-79, dr ld to 233, 2 
233, TD 233. . . . T e m p e r a t u r e g rad i en t well, comp 12-11-79. 

WA2-122879 

[YIJ Petroleum Information. ^ 
*̂  ^ •' co.fo..tiO~ ©COPYRIGHTED 1979 

. 1 * 1 . , , , , . « _ , REPRODUCTION PROHIBITED Fi)rmNo.6li 



WASHINGTON 
COWLITZ 14-8n-4e W 
WASHINGTON DIV 2 S t . Helens WILDCAT (Temp 
OF GEOLOGY & Gradien t ) U 
EARTH RESOURCES 

"ST. 8E. 

(11-30-79 B K ) . El: 3500 GR. 
Lat 46 d e g r e e s , 10 minutes , 22 seconds N; 
Long 122 d e g r e e s , 16 minu te s , 06 seconds W. 
Con t r : Soil Sampling Se rv ice . Spud 11-1-79, d r ld to 505, 2 tbg 
cmtd @ 505, r a n TMPL, BHT 46.7 degrees F (8 .2 deg rees C ) , preliminary 
g rad i en t 38 degrees c /km, TD 505 (Eocene) . . . . T e m p e r a t u r e g rad ien t well, 
comp 11-7-79. 

WA3-122879 

^h) Petroleum Information. 
c c f C t o H © C O P Y R I G H T E D 1979 
. , . . , , - . . . I - . . . REPRODUCTION PROHIBITED F o i m N o , 6 l l 



WASHINGTON 
LEWIS 3-12n-8e W 
WASHINGTON DIV Davis Mountain WILDCAT (Temp 
OF GEOLOGY & Grad ien t ) U 
EARTH RESOURCES 
bW SE, ~ ~ -

(11-30-79 BK) . El: 2000 GR. 
(WeU number not d e s i n g a t e d ) . 
Lat 46 d e g r e e s , 33 minu tes , 10 seconds N; 
Long 121 d e g r e e s , 47 minu tes , 07 seconds W. 
Con t r : Soil Sampling Serv ice . Spud 8-29-79, dr ld to 479, 2 t b g cmtd @ 479, 
ran TMPL, BHT 46.2 degrees F (7 .9 degrees C ) , g rad ien t isothermal , TD 479 
(Eocene) . . . . T e m p e r a t u r e g rad i en t well, comp 8-31-79. 

WA5-122879 

YiJ Petroleum Information. 
co.«>iAT». ©COPYRIGHTED 1979 

Z y . T , REPRODUCTION PROHIBITED Form No, 611 



WASHINGTON 
LEWIS 
WASHINGTON DIV 
OF GEOLOGY & 
EARTH RESOURCES 

- y w NW. 

Longmire 
6-14n-8e W 
WILDCAT (Temp 
Gradien t ) U 

(11-30-79 B K ) . El: 2330 GR, 
(WeU number not d e s i g n a t e d ) . 
Lat 46 d e g r e e s , 43 minu tes , 46 seconds N; 
Long 121 d e g r e e s , 51 minu tes , 05 seconds W. 
Con t r : SoU Sampling Serv ice . Spud 7-25-79, dr ld to 325, 2 tbg cmtd @ 325, 
ran TMPL, GG, BHT 47.3 degrees F ( 8 . 5 degrees C ) , g rad ien t 57.6 degrees 
c /km, TD 325 (Eocene) . . . . T e m p e r a t u r e g rad ien t weU, comp 7-31-79. 

WAS-122879 

Yl) Petroleum Information. 
coarCMAiiON 

©COPYRIGHTED 1979 
REPRODUCTION PROHIBITED Form No. 611 



WASHINGTON 
LEWIS 8-14n-10e W 
WASHINGTON DIV Ohanapecosh WILDCAT (Temp 
OF GEOLOGY & Gradien t ) U 
EARTH RESOURCES 

S W HE. ' " 

(11-30-79 BK) . El: 1600 GR. 
(WeU number not d e s i g n a t e d ) . 
Lat 46 d e g r e e s , 42 minutes , 54 seconds N ; 
Long 121 d e g r e e s , 34 minutes , 39 seconds W. 
C o n t r : SoU SampUng Serv ice . Spud 8-2-79, dr ld to 374, 2 t b g cmtd @ 374, 
r an TMPL, GG, BHT 52 degrees F (11.11 degrees C ) , g rad ien t 45 .3 degrees 
c /km, TD 374 (Eocene) . . . . T e m p e r a t u r e g rad i en t weU, comp 8-31-79. 

WA9-122879 

{3?i) Petroleum Information. 
cotrciiOH ©COPYRIGHTED 1979 

. : , , ' . REPRODUCTION PROHIBITED FormNo,6ll 



WASHINGTON 
LEWIS 8-14n-10e W 
WASHINGTON DIV Ohanapecosh WILDCAT (Temp 
OF GEOLOGY & Grad ien t ) U 
EARTH RESOURCES 

' yw SE. ~ ~ ~ 

(11-30-79 B K ) : Ei: 1600 GR. 
(WeU number not d e s i g n a t e d ) . 
Lat 46 d e g r e e s , 42 minu tes , 54 seconds N; 
Long 121 d e g r e e s , 34 minu tes , 39 seconds W. 
Con t r : SoU Sampling Se rv ice . Spud 8-2-79, d r ld to 374, 2 t b g cmtd @ 374, 
r a n TMPL, GG, BHT 52 d e g r e e s F (11 .11 deg rees C ) , g rad ien t 45 .3 degrees 
c / k m , TD 374 (Eocene) . . . . T e m p e r a t u r e g rad i en t weU, comp 8-31-79. 

WAH-122879 

@ P e t r o l e u i n I n f o r m a t i o n . ©COPYRIGHTED ,979 
' S . ^ . r co.ro.».io~ ^ R E P R O D U C T I O N PROHIBITED Form No. 611 



WASHINGTON 
LEWIS 
WASHINGTON DIV 
OF GEOLOGY & 
EARTH RESOURCES 
NW Nwr 

Packwood 
16-13n-9w W 
WILDCAT (Temp 
Gradient ) U 

(11-30-79 B K ) . El: 1200 GR. 
(WeU number not d e s i g n a t e d ) . 
Lat 46 d e g r e e s , 37 minu tes , 15 seconds N; 
Long 121 d e g r e e s , 41 minutes , 35 seconds W. 
Con t r ; SoU SampUng Serv ice . Spud 8-23-79, d r ld to 498, 2 t b g cmtd @ 498, 
r an TMPL GG, BHT 57.5 degrees F (14.2 degrees C ) , g rad ien t 48.5 degrees 
c /km, TD 498. . . . T e m p e r a t u r e g rad ien t weU, comp 8-27-79. 

WA6-122879 

Petroleum Information. 
CO«MJI»llOH ©COPYRIGHTED 1979 

REPRODUCTION PROHIBITED Form No. 611 



WASHINGTON 
LEWIS 16-12n-7e W 
WASHINGTON DIV Randle WILDCAT (Temp 
OF GEOLOGY & Gradient) U 
EARTH RESOURCES 
bW SW. 

(11-30-79 BK). El: 900 GR. 
(WeU number not designated). 
Lat 46 degrees, 31 minutes, 22 seconds N; 
Long 121 degrees, 56 minutes, 22 seconds W. 
Contr: SoU SampUng Service. Spud 9-5-79, drld to 420, 2 tbg cmtd 0 420, 
ran TMPL, GG, BHT 57.7 degrees F (14.3 degrees C), gradient 44.5 degrees 
c/km, TD 420 (Eocene). . . .Temperature gradient weU, comp 9-10-79. 

WA4-122879 

^?i) Petroleum Information. 
CO.W.MKJH © C O P Y R I G H T E D 1979 
_ ^ . , , . ,. REPRODUCTION PROHIBITED F o r m N o , 6 l l 



WASHINGTON 
LEWIS 
WASHINGTON DIV 
OF GEOLOGY & 
EARTH RESOURCES 

-SH. &W. 

White Pass 
2 - 1 3 n - l l e W 
WILDCAT (Temp 
Gradien t ) U 

(11-30-79 BK) . El: 4480 GR. 
(WeU number not d e s i g n a t e d ) . 
Lat 46 d e g r e e s , 38 minu tes , 17 seconds N; 
Long 121 d e g r e e s , 23 minutes , 27 seconds W. 
Cont r : SoU Sampling Serv ice . Spud 8-16-79, d r ld to 485, 2 t b g cmtd @ 985, 
ran TMPL, GG, BHT 52.8 degrees F (11.56 deg rees C ) , g rad ien t 51.1 degrees 
c /km, TD 485 (Eocene) , . , , T e m p e r a t u r e g rad ien t weU, comp 8-22-79. 

WA7-122879 

YI J Petroleum Information. 
COirOtATlON ©COPYRIGHTED 1979 

REPRODUCTION PROHIBITED Form No, 611 



WASHINGTON 
SKAMANIA 
WASHINGTON DIV 
OF GEOLOGY &, 
EARTH RESOURCES 

3 S t . Helens 
2-7n-5e W 
WILDCAT (Temp 
Gradien t ) U 

(11-30-79 B K ) . El: 2640 GR. 
Lat 46 d e g r e e s , 07 minu tes , 37 seconds N; 
Long 122 d e g r e e s , 09 minu tes , 09 seconds W. 
Cont r : SoU Sampling Serv ice . Spud 11-8-79, d r ld to 431 , 2 t b g 
cmtd @ 431, r r 11-16-79, TD 431 (Eocene) . . . . T e m p e r a t u r e g rad i en t weU, comp 
11-16-79. 

WAlO-122879 

YiJ Petroleum Information. 
CORPOflATION ©COPYRIGHTED 1979 

REPRODUCTION PROHIBITED, Form No. 611 



WASHINGTON 18-9n-5e 
SKAMANIA WILDCAT V 
WASHINGTON DIVISION OF 1 St Helens 
GEOLOGY ET AL; EARTH API 46-059-90000 U 
RESOURCES 
nw nw Spirit Lake lb minute 
Quad. 

450. El: 2560 Gr. Contr: SoU Sampling Service. Spud 9/13/79. 2 Tub * 405. 
405 TD. BHT 49.8 F (9.9C) Gradient 19.3 c/km. Ran logs, no tops 
reported. No cores or tests. Comp 9/20/79. Temp gradient well. 
(FIRST REPORT AND COMPLETION). 

WA 1-032880 

^?i) Petroleum Information. 
i:otTO.Aiio« © C O P Y R I G H T E D 1979 
„ , . , « _ . _ . • REPRODUCTION P H O H I B I I E U F . i r m N o 6 l l 



WASHINGTON 20-2n-3e W 
CLARK WILDCAT U 
CROWN-ZELLERBACH 1 Crown-ZeUerbach 
se se . 

750. El: 200 GR. 
Cont r : T u r n e r . Spud 8-11-80, 6 @ 225, dr ld to 485, 1 1/2 tbg @ 
485, r r 8-21-80, r an TMPL, t empera tu re g r ad i en t : 42 deg rees C/km, 
t empera ture .(a 485: 15.1 d e g r e e s C, TD 485 ( T r o u t d a l e ) . . . . T e m p e r a t u r e 
g rad ien t weU, comp 8-21-80 ( d r l d on res i s t iv i ty anomoly). 

WAl-103180 

[YiJ Petroleum Information. ^ 
' ' • ' C0.WAI1ON © C O P Y R I G H T E D 1979 

. w — . - . . . « _ , REPRODUCTION PROHIBITED F o r m N o . 6 l l 



CLARK 
CROWN-ZELLERBACH 2 Crown-Zellerbach 

WILDCAT U 

750. 
Abandoned location. 

WAl-092680 

Yij Petroleuin Information. 
COIPOIATtOM 

1 <•/ 4 ( ' .VWw- Cm 
© ©COPYRIGHTED 1979 

REPRODUCTION PROHIBITED Form No. 611 
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1 Sand Ridge 

2-13n-12e W 
WHITE PASS AREA 
TG 

WMiiMINtj I ON 
YAKIMA 
WASHINGTON DIVISION 
OF GEOLOGY & EARTH 
Rk^OUKL-EIj 
nw ne. 

500. £1: 3480 GR. 
Contr: Ponderosa. Spud 7-22-81, dr ld to 503, 2 tbg 9 503, r r 7-24-81, 
ran temp survey, BHT 12.36 deg C, temp "gradient between 115-279, 45 deg 
C/Km, TD 503. . . .Temperature gradient well, comp 9-15-81, 

^i) Petroleum Information. 
coiroiAUOn 

WA5-092581 

©'COPYRIGHTED 1979 
REPRODUCTION PROHiaireD Form No. 611 

r'V'"'T. ' ' i r r 

•^•'f.;-

t^iTd'7'-''. 
I p^S^.S -r 

> ' ' .. 'Wy. '•: 

Tmwr̂ m * \ . ^^< JPjJWllWIM 

I w ' > .,^ -*., I.J-A S ' P ^ - , ^ 

'J 
:s3 

f » t j < , ' V . • 

• ' • • ^ - • - -

• . • X - 7 ' 

t 

I * . " ^ •^s! 

:iif "Hi:. J^-. 
* I • I « 

. ^ i 

;. '}*c.'^*% 

' i * 

s 
I -f 11 

I ' a 

> 

'̂ i 
*''--! li''̂  
i i '»i>-=^ 

• i 
^v 

i 

r..̂  r* *».! 

i 

..Ill kilMrt ii 
- # ^ «/ 



i^fif 

Zi iW 
WASHINGTON 
SKAMANIA 
WASHINGTON D I V I S I O N 
OF GEOLOGY & EARTH 
KtbUUKClTS 
ne ne . 

1 T r o u t Cree 

•V 

4 i ; I 

.'5. fl 

mi 
"111 
3lii 
:mi 
f | t i | . . _ 

500. 

C o n t r : Ponderosa. Spud 8 - 5 - 8 1 , d r l d to 
70 deg F, 2 t b g 0 505, r r 8 - 7 - 8 1 , ran tem 
g rad ien t 80-90 deq C / K m , T D 505. . . . T e m 
9 - 1 0 - 8 1 . 
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SKAMANIA 
WASHINGTON D I V I S I O N 
OF GEOLOGY & EARTH 

• • H L t U U N C t S 
NW/4. 

1 Carson 

21-3n-8e W 
WIND RIVER AREA 
TD 

500." E l : 400 GR. 
C o n t r : Ponderosa. Spud 8 - 7 - 8 1 , d r l d to 500, ran T M P L , p r e l i m i n a r y BHT-
80 deg F, hole caved in to 371 , 2 t b g @ 3 7 1 , r r 8 - 1 1 - 8 1 , ran temp s u r v e y , 
temp_ 0 371 : 27.78 deg C, temp g r a d i e n t between 262-371 : 360 deg C / K m , 
TD 500, PBTD 3 7 1 . . . . T e m p e r a t u r e g r a d i e n t w e l l , comp 9 - 1 4 - 8 1 . 
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WASHINGTON 
PIERCE 
WASHINGTON D IV IS ION 
OF GEOLOGY & EARTH 

"R'fcbUUWCE^ 

500. E l : 2800 GR. 
(Locat ion changed f rom ne s w ) . 
C o n t r : Ponderosa. Spud 7 - 1 3 - 8 1 , d r l d to 472, 2 t b g @ 472, ran temp 
s u r v e y , BHT 8 .64 deg C, temp g r a d i e n t 22.5 deg C / K m , TD 472. 
. . . T e m p e r a t u r e g r a d i e n t w e l l , comp 9 - 1 5 - 8 1 . 
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WASHINGTON 
KITTITAS COUNTY 
WASHINGTON DIVISION 1 Snoqualmie Pass 
OF GEOLOGY & EARTH RESOURCES 
se nw. 

4 - 2 2 n - l l e W 
SNOQUALMIE PASS 
AREA TG 

500. (7-10-81 B K ) . El; 2980 GR. 
(Location changed from sw n e ) . 
Contr : Ponderosa . Spud 7-1-81 ( e s t ) , dr ld to 480, encoun te red w t r , 2 t b g 
@ 480, r an TMPL, BHT 7.38 deg C/Km, TD 480. . . . C o m p as t empera ture 
gradient well 10-13-81. 

V I ) Pt H o k u m Iiifoi in itic n. 

WA3-022682 
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WASHINGTON 
KING COUNTY 
WASHINGTON DIVISION 1 Scenic 
GEOLOGY & EARTH RESOURCES 
se sw 

28-26n-13e W 
SCENIC HOT 
SPRINGS AREA TG 

(7-10-81 BK) . El: 2760 GR. 
Cont r : Ponderosa . Spud 6-23-81 ( e s t ) , drld to 500, lost fish (T /330) ,500 . 
2 tbg @ 330, ran TMPL, BHT 97.7 deg C, g rad ien t 68.3 deg C/Km, TD 500. 
. . .Comp as t empera ture g rad ien t well 9-25-81. 

i) Petroleum Information. 
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WASHINGTON 
KING COUNTY 
WASHINGTON DIVISION 2 Scenic 
OF GEOLOGY & EARTH RESOURCES 
ne nw. 

27-26n-13e W 
SCENIC HOT 
SPRINGS AREA TG 

500. (7-10-81 B K ) . El: 2760 GR. 
(Location changed from nw n e ) . 
Cont r : Ponderosa . Spud 6-26-81 ( e s t ) , dr ld to 500, 2 tbg @ 495, ran 
TMPL, BHT 99,7 deg C, g rad ien t 38 deg C/Kjn, TD 500. . . . C o m p as 
t empera ture g rad ien t weU 9-25-81. 

Petroleum Information. 
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' Marshall T. Huntting ' > . ; . 

Washington Department of Conservation, Div. Mines and Geology 

A wide variety of mineral deposits occurs in Washington. Incomplete records indicate.that, from the 
first reported discovery of gold in 1853 through 1963, Washington's total cumulative mineral production 
is about $2 billion, of which about $341 million is in metallic minerals and about $1.7 billion in non-
metallic minerals. All but, 10 of the State's 39 counties have produced gold, silver, copper, lead, or zinc; 
However, by far the greatest part of the production of metals has been from the northern row of counties 
adjiicent to the Canadian border — Fend Oreille, Stevens, Ferry, Okanogan, and Whatcom Counties — and 
the northern Cascade Mountains counties of Chelan and Snohomish. These-are the principal areas of 
occurrence of Tertiary and Mesozoic intrusive rocks and pre-Tertiary metamorphic rocks. -

The principal metals, in decreasing order bf production value, are zinc, gold, lead, copper, silver, 
and uranium. Lesser amounts of tungsten, mercury, iron ore, antimony, manganese, molybdenum, and 
chromite have been miined. 

The State of Washington can be broadly divided on the basis of rock types and, structural features 
into the seven fairly distinct geologic areas that are described below, 1 to 7. See also Figure 12-1, to 
which numbers in brackets refer, 

1. In the northeast is an area of slightly to moderately metamorphosed mibgeosynclinal rocks of 
early Paleozoic, age, with lesser amoiints of eugeosynclinal metasedimentary rocks of late Paleozoic age 
and Precambrian metasedimentary rocks. In this area the structural trends are quite uniformly to the 
northeast. The rocks are strongly folded. Dips are steep and in places the folds are overturned to the 
east. Both normal and thrust faults, are numerous. Intruding the older rocks in the area are large ba,tho-
liths such as the Kaniksu in northern Pend Oreille County,and the Cc/lville and Lpqn Lake batholiths in 
northern and southern Stevens County. These intrusives are all thought to be Mesozoic, probably Cre
taceous, in age. In western Stevens County are several small areas of Tertiary volcanic rocks. This 
northeastern area of Washington can be characterized as a zinc-lead province; most of the production df 
these metals has been from Cambrian limestones in northern Pend Oreille and Stevens Counties. South
ern Stevens County also is the principal source of uranium in this State and has produced some copper 
and tungsten from quartz veins. The Tertiary volcanics in northwestern Stevens County have produced 
g o l d , . ' . , • • • " ' ' , . : ' . • . ' . • • ' - . 

2. To the west in Ferry County is an area about 20 miles wide and 80 miles long north and south 
which is predominantly underlain by Tertiary volcanic rocks with minor sedimentary interbeds. In places 
these are intruded by Tertiary dacites and similar rocks. Much of this area lies within the north-north
east trending Republic graben. The Tertiary rocks in the Republic district (26, Fig. 1) are the hosts 
for some of the most productive gold deposits in the State. 

3. Farther to the west in Okanogan County and the whole northern Cascade Mountains is a large 
area of pre-Tertiary low-, medium-, and high-grade metamorphic rocks which are intruded by both Meso
zoic and .early and late Tertiary quartz diorite and related rocks. These include schists, gneisses, 
migmatites, and granitic rocks. Greenstone and slightly metamorphosed sedimentary rocks, including 
minor fossiliferous limestones, are fairly widely distributed. Small areas are covered by sedimentary 
and volcanic rocks of recognized Tertiary and Mesozoic age. Structural trends in the metamorphic rocks 
are predominantly north-northwest. Several large thrust faults are recognized. Intrusive quartz diorites 
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and related rocks are of both Mesozoic and early and late Tertiary age. Several small tp fairly large 
ultramafic rock masses are in the northern Cascades . Most of these are pre-Tertiary in age, but the 
Twin Sisters dunite mass,,.about 40 square miles in area, is believed to be Late Cretaceous or Paleo
cene in age. The northern Cascades is an area of high relief, and the rocks are deeply eroded. This 
area is primarily a copper province, and most,of the copper production of the State has come from here. 
Many of the copper deposits have molybdenum as an accessory metal a s , for example, the Star property 
about 6 miles west of Tonasket in central Okanogan County, where molybdenite occurs in a silicified 
pyritic stockwork in granitic rock. Directly overlying a large east-trending band of serpentinized peri
dotite in the Cle Elum River-Blewett area of the Central Cascades is a series of nickeliferous iron 
deposits that were formed by laterization of the ultramafic rock. 

4. Erosion in the southern Cascades has penetrated the cover of Tertiary andesites and basal ts 
in only a few places, exposing only the uppermost parts of Tertiary plutons and stocks. The volcanic 
rocks in the southern Cascades are moderately folded along predominantly northwest axes. To date 
only small "showings" of copper and minor gold, lead, and zinc have been found associated with the 
known intrusives. Most of these are in the Mt. St. Helens and Washougal distr icts (3 and 2 ) . Most of 
the mercury production from Washington — about $700,000 — has come from Tertiary sedimentary rocks 
in the Morton district (4, Fig. %) in the west-central part of the southern Cascades . The mercury min
eralization was localized by permeable sedimentary beds and impermeable gouge zones along faults. 

5. The Olympic Mountains,in the northwestern part of the State is an area of Tertiary and Mesozoic-
shales-,and, sandstgnes. The central area is surrounded on the north, east , and south by a horseshoe-
shaped band, of outward dipping beds of Tertiary sedimentary rocks, a t . the base of which is a thick, 
sequence of. submarine basal ts of middle Eocene age. In the basalts are minor interbeds of argilla
ceous limestone, with which are associated deposits of manganese s i l icates , with minor manganese 
oxides (1) . No igneous rocks other than the basalts and minor diabase are known in the Olympics, 
Apparently the manganese was derived from the basaltic lava and was concentrated on the sea floor at 
the time the lavas were extruded on the ocean bottom, 

6. West of the western flanks of the Cascade Mountains are the Puget Sound Lowland and the 
Willapa Hills , which are underlain by marine and nonmarine sandstone and shale and flows of basal t and 
andesite of Tertiary age. These rocks are folded along predominantly northwest-trending axes . Excel
lent shows of oil and gas have encouraged exploration for these resources over a period of many years', 
but, to date, no commercial production has resulted. 

7. The whole southeastern part of Washington, comprising at l eas t a third of the area of the State, 
is covered by a thick series of basalt flows, largely of Miocene age, but including some continental 
sedimentary beds and baSalt flows of Pliocene age. The flows, and beds in this area are mostly low-
dipping to flat-lying, except'for a series of west and northwest-trending-anticlines in the western part 
of the area. These rocks contain no deposits of metallic minerals but are the source from which diato-
mite and pumicite have been produced. 

Gold 

Lode'gold has been mined as the principal product.from approximate ly l l6 mines, the largest of 
which haVe been the Knob Hill, Gold King, and Holden mines, in the Republic, Wenatchee, and Railroad 
Creek mining districts (26, 6, and 18), respectively. Other significant production has come from the 
Blew'ett, Mount Baker, Slate Creek, Monte Cristo, and Oroville-Nighthawk mining dis t r ic ts ' (7 , ' 20, 21, 
12, and 23) in the northern Cascade Mountains and from the Orient district ..(27) in Stevens County. 
Cumulative production through IQ.'iB has been $78,302,4iB3. , • 

Probably somewhat less than half the gold production has come as a co-product or byproduct of 
base-metal mining. Early production included placer gold in fairly large amounts, but in recent years' 
very little placer production has been recorded. 

Gold deposits include free gold and auriferous sulfides in quartz veins in rocks ranging from Ter
tiary sedimentary and volcanic rocks to Precambrian metamorphic rocks. Some deposits occur within 
silicified and pyritized breccia zones in Tertiary volcanics and in older rocks. Most of the lode gold 
deposits are associated with granitic rocks of Tertiary age, but some appear to be related to Late Cre
taceous batholiths, and a few in southern Pend Oreille County may be related to Precambriaii igneous 
rocks. 
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In the Republic district (26) the gold occurs with small amounts of pyrite in low-temperature quartz-
c^lcite vein's-in 'Tertiary volcanic and intrusive rocks. Most of the gold occurs in a ser ies of east-
dipping veins in a belt 6 miles in length in which the veins trend in a northerly direction south of Re
public, then turn north-northwest near Republic, and bend to the northeast in the north end of the belt. 
The ore carries "about 4 ounces of silver for each ounce of gold. At the Gold King mine in the Wenat
chee district (6) , gold occurs with very minor amounts of pyrite in quartz veins in a silicified zone 
near the axis of: a northwest-trending anticline in nonmarine sandstone of the SwaukFormationof prob-
able-Paleocene age. Several small bodies of Tertiary intrusive igneous rocks crop out;in the vicinity 
of the mine and along the same anticlinal axis. The Swaiik district has had- a small amount of lode 
gold • production from similar deposits and some production from placer deposits; The Holden mine in 
the Railroad Creek district (18) had a production of 612,778 ounces of gold during its 20 years of opera
tion. In the Blewett distr ict (7) gold occurs in quartz veins in serpentinized peridotite that is intruded 
by Mount Stuart Granodiorite of Mesozoic age. At the Firs t Thought mine in the Orient district (27) in 
Stevens County, gold occurs in a wide silicified and pyritiized breccia zone in acid volcanic rocks 
of Ter t iary age. Gold in the Mount Baker district (20) occurs as free gold, tellurides, and with pyrite 
in quartz veins that cut pre-Tertiary metaniorphic rocks. To the east , in the Slate Creek district (21), 
gold is found in breccia zones and quartz veins in tightly folded Cretaceous sedimentary rocks jiist 
north of a lairge mass of granitic rock of Ter t ia ry age. In the Monte Cristo, Silverton, Silver Creek, 
Miller River, ConconiiUy, Oroville-Nighthawk (12, 14, 11, 9, 22, 23) , and several other mihing districts 
of the State, gold is associated with pyrite and arsenopyrite arid with silver, copper,^ lead, and zinc 
niinerals in quartz veins and in shear zones in both Tertiary and Mesozoic granitic rocks and adjacent 
sedimentary, volcanic, and metamorphic rocks. . ' . - . . ' • - " 

..' '; ',• " " ' '• 7 . "-, ••. •. . ..,.' .Silver,' " , ' . . ' " ' ; ' / ' ' . .. 

Silver is reported to have been mined as the principal product from 38 mines, but most of the pro
duction has been a byproduct o f t h e gold and base metal mines in the State. Tota:l silver production of 
the. State from'1866 through 1956 has been $12,265,109. 

Of the few mines that were operated in the early days primarily for their silver cpntent, the Old 
Dominion mine in the Colville district (30) of central Stevens County was probably the largest.. It is 
reported to have produced more than $2 million from low-dipping fractiire zones in Cambrian Old Dominion 
Limestone near its contact with Cretaceous granitic rock; The highest silver values here, as well as 
at most of the other silver producers in Washington, were near the surface in highly oxidized zones. 

At another important producer, the Deer Trail mine (33) in southern Stevens County, the ore occurs 
in quartz veins in the Precambrian Edna Dolomite near its contact with a large lobe of the Cretaceous 
Loon Lake batholith. In the Nespelem arid Sheridan districts (35 and 24) , silver occurs in stephanite, 
argentite, pyargyrite, galena, pyrite,* chalcopyrite, and tetrahedrite in veins' and na.rrow shear zones 
about equally distributed between the Colville Granite of Mesozoic age and the upper Paleozoic (?) 
m'etasedimehtairy rocks of the Covada Group that are intruded by the granite. In the Covada district 
the sa^me formations contain' lead-silver-zinc veins. In the Ruby-Conconully district and the Oroville-
Nighthawk district (22 and'23) to the north, the silver deposits are found at or within a short distance 
of the "contact betweeri older metamorphic,i*ocks and granitic rocks of the Similkameen batholith of Meso
zoic age. In these districts galena is the most abundant ore mineral; associated minerals are pyrite, 
sphalerite, chalfcopyrite, arid tetrahedrite. Oxidation has affected the veins to only shal low'depths . 
Although Snohomish County has more silver occurrences than any other county in the State, very few, 
if any, of these mines were worked primarily for the silver content of their ore. Most of the ores are 
complex and have'relatively low silver values. These deposits also are associated with Tertiary plu
tonic rocks. . . > . 

. •-•• : • • • • ; ! . -.5 Copper ' - v"'- • . . - . ; . . 

Twenty-four mines in the State are reported to have produced copper, as their principal product. 
Copper occurrences are distributed throughout northeastern Washington, from the Canadian border south
ward in.the Cascade Mountains to the "central part of the State, and in a few small areas in the southern 
Casca,des. Cumulative production through 1963 has had a value of $43,412,918. . 

' Of a total of 122,000 tons of copper produced in Washington from 1860 through 1961, about 107,911 
tons came froni the Holden mine during the 20-year period it operated, frbm 1938 through 1957.- The 
Holden ore body consisted of a- zone of sulfide disseminations 20 to 75 feet wide, 2,500 feet long, and 
2,500 feet 'deep iri a high-grade metamorphic zone of sheared schis t and amphibolite-in an overturned 
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A. 

isoclinal fold that has a northwest-trending axis and a dip of about 70 degrees to the southwest,; The * 
ore shoot was parallel to the enclosing foliated metamorphic rocks and pitched about 6,0 degrees ,to the ; 
east . The ore body was .cut by numerous post-ore dikes associated with the nearby Tertiary iClpudy , ^ 
Pas s pluton and; by some possibly older dikes. The Glacier Peak (Miners Ridge).. propertyt,(17)i; only 
about 8 miles to the west, contains more than 20 million tons of low-grade copperdore. injoneEor more 
bodies. At this property, chalcopyrite and molybdenite are disseminated in the ClpudyrPassv pluton of 
Tertiary age near its contact with migmatitic gneiss ; some of the ore, i s also in the^gneissvi Here, as 
well as at several other copper properties in the Cascades , the ore occurs.along a northeastjineamerit 
that crosscuts the prevailing northwest regional trends o f the range (A. R. Grant, personal communicaT 
tion, 1965). Also here, as in,other places in the Cascades , the sulfides are associated with deuteri-
cally altered intrusive rock that has been enriched in potash by the addition of secondary biotite and 
potash feldspar. About 8 miles to the south, on Phelps Ridge in the Chiwawa district (16) of Chelan 
County, the Red Mountain (Royal Development) property has chalcopyrite in a,breccia zone as much as 
250 feet wide a t the contact of gneiss and a dioritic stock. At al number of localit ies in the.central,and 
northern Cascade Mountains are found breccia pipes having values in copper and, in places , molybdenite. 
These are more or less vertical zones that are roughly circular or elliptical in plan view. They are in 
Tertiary volcanics and in intrusive rocks as well as pre-Tertiary rocks. The Quartz Creek copper pros
pect on the Middle Fork of the Snoqualmie River in,King County represents this type of deposit,- and 
some investigators consider the Sunrise deposit in Snohomish County to be a breccia pipe also. Recent 
exploration has shown extensive copper mineralization associated with Snoqualmie plutonic,rocks in 
the headwaters area of the Middle Fork of the Snoqualmie River (8) . Here the copper occurs in breccia 
pipes, stockworks, disseminations, fracture fillings, and veins in alteration areas of potash enrichment. 
At the Mineral Creek property in the Snoqualmie district (8) , Kittitas County, chalcopyrite, pyrite, 
bornite, molybdenite, and pyrrhotite occur as a stockwork in granodiorite, and the same minerals occur 
in a 500-foot breccia contact zone beitween Tertiary rhyolite and basalt . The Sunset mine in the Index 
district (10) of Snohomish County for several years was the leading copper producer in the,State, The 
deposit consisted of a series of lenses of copper Sre along a northwest-trending shear zone in Tertiary 
quartz diorite. Chalcopyrite and bornite were the principal pre minerals, occurring in places as solid, 
massive lenses with little oi- nb quartz gangue. ' • 

; , .West of the crest of the Cascade Mountains most of the copper deposits are in a narrow irregular 
belt that extends southward from the Darrington area in northern Snohoniish County to Snoqualmie P a s s 
in King County on the south. In this belt, which includes the Darrington, Silverton, Sultan Basin, Monte 
Cristo, Silver Creek, and Index districts (15, 14, 12, 11, and 10) , the ore deposits occur in and near 
granitic rocks of late Tertiary age. ''> • 

Eas t of the c r e s t i n the Cascades also, many of the copper deposits are associated with Tertiary 
granitic rocks, but farther to the east , in Okanogan, Ferry, Stevens, and Pend Oreille Counties, copper 
deposits — mostly complex ores in quartz veins — are related to Mesozoic granitic rocks; At the.United 
Copper and nearby properties in the Chewelah district (3) of Stevens.County, copper-silver-quartz veins 
are parallel to the sehistosity of enclosing phyllite of probable Precamjirian age. The mineralizing 
solutions apparently were derived from a diorite pluton of probable. Cretaceous age that is exposed more 
than a mile to the south of the mine. At the.Lone Star property in Ferry County, just south of the Cana
dian border about 4 miles west of Danville (25) chalcopyrite is disseminated and in veinlets along the 
foliation of schis tpse serpentinized dacite in a zone 50 feet wide, in the hanging wall of a diabase dike. 

Zinc and Lead 

Zinc has been mined as the principal product at 23 mines in the State, and lead at 36 mines. Total 
cumulative production of zinc through 1963 has had a value of $109 million, and lead, $52 million.. 

Thousands of zinc and lead occurrences, usually in quartz veins, are distributed throughout most 
of the areas in which copper, gold, and silver are found in northeastern Washington and in the Cascade 
Mountains, but most pf the production has come from the replacement deposits of zinc and lead in the 
Metaline district (29) in northern Pend Oreille County. Other important production has come from simi
lar deposits in the Northport (28) and other distr icts in northern Stevens County. Eight deposits of 
complex ores in the Cascade Mountains have produced a little more than 1,400 tons of lead, having a 
value of about $300,000; most of this, came froni the Kaaba mine in the Nighthawk district (23). About 
21,000 tons of zinc was recovered as a byproduct of copper-gold production at the Holden mine (18) in 
Chelan County during the years 1943 to 1957. In the western Cascades many of the zinc-lead deposits 
are associated with Tertiary granitic rocks, but most of the deposits in eastern Washington that can be 
related to,igneous sources are associated with Mesozoic granitic rocks. 
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In the Metaline district, zinc occurs with lesser amounts of lead as large low-grade replacement 

i deposits of disseminated sulfides in Metaline Limestpne of Middle Cambrian age, generally in a zone 
' l ess than 500 feet stratigraphically below the overlying Ordpvician Ledbetter Slate. The ores are in the 

graben bounded; by the Slate Creek and Flume Creek faults., The mineral composition of the ores, is 
simple, sphalerite and galena being the common minerals. Galena appears tp be concentrated near the 
peripheries of the ore bodies. Genei^ally the gangiie is dark-gray jasperoid formed by silicification of 
limestone. Most bf the ores occur in breccia zones in the carbonate rocks. Production from the Pend 
Oreille mine in recent years has shown a ratio of about 3 parts of zinc to 1 part lead, and the ore conr 

Q Qj- tained about-S^K ounce of silver for each 1 percent-of lead. Although the c loses t outcrops of the quartz 
monzonite and granodiorite of the Kaniksu bathoHth of Cretacepus age are several miles distant from 
the largest known ore bodies, it has been ..suggested that the zinc-lead deposits are related tp this 
batholith and that-metallization took place during a late stage of its intrusive history. ,, 

Although ,,one of the large mines in the Metaline district (29), the Grandview, was closed down in 
receint months; the possibility of developing significant new reserves in the district is considered to be 
very good. 

In the Northport district (28) in northern Stevens County most of the larger zinc-lead ,ore bodies 
are also in the Metaline Limestone; some are near the overlying Ordovician s la te , but others are far 

i below the top of the limestpne formation. The ore bodies are not veins but are roughly tabular replace
ment deposits that are parallel or nearly parallel to bedding planes. Ore is localized along bedding-
plarie shears in several mines. Many deposits seem to be related to major or minor faults, and at some 
deppsits , such as those at the Van Stone and Deep Creek mines, Mesozoic granite crops out nearby. 
A small amount (about 25,000 tons) of lead has' been produced from 1916 to the preserit time from nearly 

, vertical chimneys or pipes- in Metaline Limestpne in the Gladstone Mountain area in the eastern part of 
the Northport district. In plan view the chimneys are roughly circular or ell ipsoidal. They appear to be 
localized in breccia. The ore minerals are cerussi te and galena., 

Uranium 

Uranium has been reported in many localit ies in Washington, but most of the production has come 
from one property, the Midriite mine (34) , in southern Stevens County. Here autunite and other secondary 
minerals and uraninite and coffinite occur in Precambrian metasedimentary rocks and Mesozoic granitic 
rocks at and near their contact. Small production has come from Tertiary tuffs and lake beds in southern 
Stevens County and from autunite-filled joints and open' fractures in alaskite and pegmatite associated 
with biotite-quartz monzonite of probable Cretaceous age in Spokane County (A.E. Weissenborn, oral 
communication, 1964). - , . 
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A wide variety pf mineral deposits occurs in Washington. Incomplete records indicate that , from the 
first reported discovery of gold in 1853 through 1963, Washingtpn's total cumulative mineral production 
is about $2 billion, of which about $341 million is in metallic minerals and about $1.7 billion in non-
metallic minerals. All but 10 of the State 's 39 counties have produced gold, silver, copper, lead, or zinc. 
However, by far the greatest part of the production of metals has been from the northern row of counties 
adjacent to the Canadian border — Pend Oreille, Stevens; Ferry, Okanogan, and Whatcom Counties — arid 
the northern Cascade Mountains counties of Chelan and Snohomish. These are the principal areas of 
occurrence of Tertiary and Mesozoic intrusive rocks and pre-Tertiary metamorphic rocks. 

The principal riietals, in decreasing order of production value; are zinc, gold, lead, copper, silver, 
and uranium. Lesser amounts of tiingsten, mercury, iron ore, antimony, manganese, molybdenum, and 
chromite haVe been mined. ' 

The State of Washington can be broadly divided on the basis of rock types and structural features 
intp the seven fairly distinct geologic areas that are described below, 1 to 7. See also Figure 12-1, to. 
which numbers in brackets refer. 

1. In the northeast is an area of, slightly tp moderately metamorphosed miogeosynclinal rocks of 
early Paleozoic age, with lesser amounts of eugeosynclinal metasedimentary rocks of late Paleozbic age 
and Precambrian metasedimentary rocks. In this area the structural trends are quite uniformly to the 
northeast. The rocks are strongly folded. Dips are steep and in places the folds are overturned to the 
eas t . . Both normar and thrust faults are numerous. Intruding the older rocks in the area are large batho
liths such as the Kaniksu in northern Pend Oreille County .and the Colville and Loon Lake batholiths in 
northern and southern Stevens County. These intrusives are all thought to be Mesozoic, probably Cre
taceous, in age. In western Stevens Cbunty are several small areas pf Tertiary volcanic rocks. This 
northeastern area of Washingtpn can be characterized as a zinc-lead province; most of the production of 
these metals has been from Cambrian limestones in northern Pend Oreille and Stevens Counties. South
ern Stevens County also is the principal source of uranium in this State and has produced some copper 
and tungsten from quartz veins. The Tertiary volcanics in northwestern Stevens Cpunty have produced 
gold. 

2. To the west in Ferry County is an area about 20 miles wide and 80 miles long north and south 
which is predominantly underlain by Tertiary volcanic rocks with minor sedimentary interbeds. In places 
these are intruded by Tertiary dacites and similar rocks. Much of this area lies within the north-north
eas t trending Republic graben. The Tertiary rocks in the Republic district (26, Fig. 1) are the hosts 
for some of the most productive gold deposits in the State. 

3. Farther to the west in Okanogan County and the whole northern Cascade Mountains is a large 
' area pf pre-Tertiary low-; medium-, and high-grade metamorphic rocks which are intruded by both Meso

zoic and early and late Tertiary quartz diorite and related rocks. These iriclude sch is t s , gne isses , 
migmatites, arid granitic rocks. Greenstone and slightly metamorphosed sedimentary rocks, including 
minor fossiliferous limestpnes, are fairly widely distributed. Small areas are covered by sedimentary 
and volcanic rocks of recognized Tertiary and Mesozoic age. Structural trends in the metamorphic rocks 
are predominantly north-northwest. Several large thrust faults are recognized. Intrusive quartz diorites 
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and related, rocks are of both Mesozoic and early and late Tertiary age. Several small to fairly large j y 
ultramafic rock masses are in the northern Cascades . Most of these are pre-Tertiary in age, but the } 
Twin Sisters dunite mass, about 40 square miles in area, is believed to be Late Cretaceous or Paleo
cene in age. The northern Cascades is an area of high relief, and the rocks are deeply eroded. This 
area is primarily a copper province, and most,of the copper production of the State has come from here. 
Many of the copper deposits have molybdenum as an accessory metal a s , for example, the Star property 
about 6 miles west of Tonasket in central Okanogan County, where molybdenite occurs in a silicified 
pyritic stockwork in granitic rock. Directly overlying a large east-trending band of serpentinized peri
dotite in the Cle Elum River-Blewett area of the Central Cascades is a series of nickeliferous iron 
deposits that were formed by laterization of the ultramafic rock. 

4. Erosion in the southern Cascades has penetrated the cover of Tertiary andesites and basal ts 
in only a few places, exposing only the uppermost parts of Tertiary plutpns and stocks. The volcanic 
rocks in the southern Cascades are moderately folded along predominantly northwest axes. To date 
only small "showings" of copper and minor gold, lead, and zinc have been found associated with the 
known intrusives. Most of these are in the Mt. St. Helens and Washougal distr icts (3 and 2 ) . Most of 
the mercury production from Washington — about $700,000 — has come from Tertiary sedimentary rocks 
in the Morton district (4, Fig. f) in the west-central part of the southern Cascades . The mercury min
eralization was localized by permeable sedimentary beds and impermeable gouge zones.along faults, 

5. The Olympic Mountains in the northwestern part of the State is an area of Tertiary and Mesozoic 
shales and sandstpnes. The central area i s surrounded on the north, east , and south by a horseshoe-
shaped-band of outward dipping beds of Tertiary sedimentary rocks, at the base of which is a thick 
sequence iof submarine basal ts of"middle Eocene age; In the basal ts are minor interbeds of argilla-; 
ceous l imestone, 'with which are associated deposits bf manganese s i l i ca tes 'wi th minor manganese 
oxides (1) . No igneous rocks other than the basalts and minor diabase are known in the Olympics. 
Apparently the manganese was derived from the basalt ic lava and was concentrated on the sea floor at 
the time the lavas were extruded on the ocean bottom. 

6. West of the western flanks of the Cascade Mountains are the Puget Sound Lowland and the 
Willapa Hills , which are underlain by marine and nonmarine sandstone and shale and flows of basal t and 
andesite of Tertiary age. These rocks are folded along predominantly northwest-trending axes . Excel
lent shows bf oil and gas have encouraged exploration for these resources over a period of many years, 
but, to date, no commercial production has resulted. 

7. The whole southeastern part of Washington, comprising at least a third of the area of the State, 
is covered by a thick series of basalt flows, largely of Miocene age, but including some continental 
sedimentary beds and basal t flows of Plipcene age. The flows and beds in this area are mostly low-
Hipping tp flat-lying, except for a series of w.est and northwest-trending anticlines in the western part 
o f the area. These rocks contain no deposits of metallic minerals but are the source frorii which diato-
mite and pumicite have been produced. 

' ' ' ' • ' . " • . Gold 

Lode gold has been mined as the principal product from approximately 116 mines, the largest of 
which have been the Knob Hill, Gold King, arid Holden mines, in the Republic, Wenatchee, and Railroad 
Creek mining districts (26, 6, arid 18), respectively. Other significant production has come from the, 
Blewett, Moiint Baker, Slate Creek, Monte Cristo, and Oroville-Nighthawk mining districts (7, 20, 21, 
12, and 23) in the northern Cascade Mountains and from the Orient district ,(27) in Stevens County. 
Cumulative production through 1956 has been $78,302,463. 

Probably somewhat less than half the gold production has come as a co-product or byproduct of 
base-metal mining. Early production included placer gold in fairly large amounts, but in recent years 
very little placer production has been recorded. 

Gold deposits include free gold and auriferous sulfides in quartz veins in rpcks ranging from Ter
tiary sedimentary arid volcanic rocks to Precambrian metamorphic rocks. Some deposits occur within 
silicified and pyritized breccia zones in Tertiary volcanics and in older rocks. Most of the lode gold 
deposits are associated with granitic rocks pf Tertiary age, but some appear to be related tp Late Cre
taceotis batholiths, and a few in southern Pend Oreille County may be related to Precambrian igneous 
rocks. 
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In'the Republic district (26) the gold occurs with small amounts of pyrite in low-temperature quartz-
calci te veins in Tertiary volcanic and intrusive rocks. Most of the gold occurs' iri a series of east-
dipping veins in a belt 6 miles in length in which the veins trend in a northerly directipn south of 'Re
public, then turn north-northwest near Republic, and bend to the northeast in the north end Pf the belt. 
The ore carries aboufri 4 ounces of silver for each ounce of gold. At the Gold King hiine in the Wenat
chee district (6) , gold occurs with very minor amounts of pyrite in quartz veins in a silicified zorie 
near the axis of a northwest-trending anticline in nonmarine sandstone of the SwaukFormationof prob
able Paleocene age. Several small bodies, of Tertiary intrusive igneous rocks crop out in the vicinity 
of the mine and along, the same anticlinal axis . The Swauk district has had: a small amount of lode 
gold, production from similar deposits and some production from placer deposits . The Holden mine in 
the Railroad Creek distr ict (18) had a production of 612,778 ounces of gold during its 20 years of opera
tion. In the Blewett distr ict (7) gold occurs in" quartz veins in serpentinized peridotite that i s intruded 
by Mount Stuart Granodiorite of Mesozoic age. At the Firs t Thought mine in the Orient district (27) in 
Stevens County, gold occurs in a wide silicified and pyritized breccia zone in acid volcanic rocks 
of Tertiary age. Gold in the Mount Baker district (20) occurs as free gold, tellurides, and with pyrite 
in quartz veins that cut pre-Tertiary metamorphic rocks. To the eas t , in the Slate Creek district (21), 
gold is found iri breccia zones and quartz veins in tightly folded Cretaceous sedimentalry rocks just 
north of "a large riiass Of granitic rock of Tertiary age. In the Monte Cristo, Silverton, Silver Creek, 
Miller River, Conconully, Oroville-Nighthawk (12, 14, 11, 9, 22, 23) , and several other miriing districts 
of the State, 'gold is associated with pyrite and arsenopyrite and with silver, copper, lead, and zinc 
minerals in quartz veins and in shear zones in both Tertiary and Mesozoic granitic rocks arid adjacent 
sedimentary, volcanic, and metamorphic rocks. , -

Silver 

Silver is reported tp have been mined as the principal product from 38 mines, but most of the pro-
diiction has been a byproduct of the gold and base metal, mines in the State. Total silver production of 
theS ta te from 1866 through 1956 has been $12,265,109. " ' ' ' ' • ' ' 

Of the few mines that were operated in the early days primarily for their silver content, the Old 
Domiiiion mine in the Colville district (30) of central Stevens County was probably the largest. It is 
reported to have produced more than $2 million from low-dipping fracture zones in Cambrian Old Dominion 
Limestone near its contact with Cretaceous granitic rock. The highest silver values here, as well as 
at most of the other silver producers iri Washington, were near the surface in highly oxidized zones. 

At another important producer, the Deer Trail mine (33) in southern Stevens County, the ore occurs 
in quartz veins in the Precambrian Edna Dolomite near its contact with a large lobe of the Cretaceous 
Loon Lake batholith. In the Nespelem and Sheridan districts (35 and 24) , silver occurs in stephanite, 
argentite, pyargyrite, galena, pyrite, chalcopyrite, and tetrahedrite in veins and nari"ow shear zones 
about equally distributed between the Colville Granite of Mesozoic age and the upper Paleozoic (?) 
nietasedimentai-y rocks of the Cova.da Group that are intruded by the grariite. In the Covada district 
the same formations contain lead-silver-zinc veins. In the Ruby-Conconully district and the Oroville-
Nighthawk district (22 and 23) to the north, the silver deposits are found at or within a short distance 
of the contact betweeri older metamorphic rocks and granitic rocks of the Similkariieen batholith of Meso
zoic age. In these districts galena is the most abundant ore mineral; associated minerals are pyrite; 
sphaleri te, chalcopyrite, and tetrahedrite. Oxidation has affected the veins to only shallow depths; 
Although Snohomish County has more silver occurrerices than any other county in the State, very few, 
if any, of these mines were worked primarily for the silver content of their ore. Most of the ores are 
complex and have relatively low silver values. These deposits also are associated with Tertiary plu
tonic rocks: • . 

Copper 

, Twenty-four mines in the State are reported to have produced copper as their principal product. 
Copper occurrences are distributed throughout northeastern Washington, from the Canadian border south
ward in the Cascade Mountains to the central part of the State, and in a few small areas in the southern 
Cascades . Cumulative production thrpugh 1963 has had a value of $43,412,918. 

' Of a total of 122,000 tons of copper produced in Washington from 1860 throiigh 1961, about 107,911 
tons came from the Holden mine during the 20—year period it operated, from 1938 through 1957. The 
Holden ore body consisted of a zone of siilfide disseminations 20 to 75 feet wide, 2,500 feet long, and 
2,500 feet 'deep in a high-grade metamorphic zone of sheared schis t and amphibblite in an overturned 
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isoclinal fold that has a northwest-trending axis and a dip of about 70 degrees to the southwest. The 
ore shpot was parallel tp the enclpsing foliated metamorphic rocks and pitched abput 60 degrees to the 
east . The ore body was cut by numerous post-ore dikes associated with the nearby Tertiary Cloudy 
P a s s plutpn and by some possibly older dikes. The Glacier Pieak (Miners Ridge) property (17), only 
about 8 miles to the west, contains more than 20 million tons of low-grade copper ore in-one or. more 
bodies. At this proJDerty, chalcopyrite and molybdenite are disseminated in the Cloudy Pas s plutpn of 
Tertiary age.near its contact with migmatitic gneiss ; some of the ore is also in the gneiss . Here, as 
well as at several other copper properties in the Cascades , the ore occurs along a northeast lineament 
that crosscuts the prevailing northwest regional trends of the range (A. R. Grant, personal communicar 
tion, 1965). Also here, as in other places in the Cascades , the sulfides are associated with deuteri-
cally altered intrusive rock that has been enriched in potash by the addition of secondary biotite and 
potash feldspar. About 8 miles to the south, on Phelps Ridge in the Chiwawa district (16) of Chelan 
County, the Red Mountain (Royal Development) property has chalcopyrite in a breccia zone as much as 
250 feet wide at the contact of gneiss and a dioritic stock. At a number of localities in the central and^ 
northern Cascade Mountains are found breccia pipes having values in copper and, in places , molybdenite. 
These are more or less vertical zones that are roughly circular or elliptical in plan view. Tbey are irt 
Tertiary volcanics aind in intrusive rocks as well as pre-Tertiary rocks. The Quartz Creek copper prps
pect on the Middle Fork of the Snoqualmie River in King County represents this type of deposit, and 
some investigatprs consider the Sunrise deposit in Snohomish County to be a breccia pipe also. Recent 
exploration has shown extensive copper mineralization associated ;with Snoqualmie plutonic, rocks in 
the headwaters area of the Middle Fork of the Snoqualmie River (8) , Here the copper occurs in breccia 
pipes, stockworks, disseminations, fracture fillings, and veins in alteration areas of potash enrichment. 
At the Mineral Creek property in the Snoqualmie district (8) , Kittitas County, chalcopyrite, pyrite, 
bornite, molybdenite, and pyrrhotite occur as a stockwork in granodiorite, and the same minerals occur 
in a 500-foot breccia contact-zone between Tertiary rhyolite and basalt . The Sunset mine in the Index 
district (10) of Snohomish County for several years was the leading copper producer in the State, The 
deposit consisted of a series of lenses of copper p.re along a northwest-trending shear zone in Tertiary 
quartz diorite, Chalcopyrite and bornite were the principal pre minerals, occurring in places as solid, 
massive lenses with little or nb quartz gangue. 

West of the crest of the Cascade Mountains most of the copper deposits are in .a narrow irregular 
belt that extends southward from the Darringtpn area in northern Snohomish Cpunty tp Snoqualmie P a s s 
in King County on the south. In this belt,, which includes the Darringtpn, Silverton, Sultan Basin, Monte 
Cristp, Silver Creek, and Index districts (15, 14, 12, 11, and 10) , the ore deposits occur in and near 
granitic rocks of late Tertiary age, '^i 

Eas t of the crest in the Cascades also, many of the copper deposits are associated with Tertiary 
granitic rocks, but farther tp the east , in Okanogan, Ferry, Stevens, and Pend Oreille Counties, copper 
deposits — mostly complex ores in quartz veins — are related to Mesozoic granitic rocks. At the United 
Copper and nearby properties in the Chewelah district ($)''of Stevens County, cppper-silver-quartz veins 
are parallel to the sehistosi ty of enclosing phyllite of probable Precambrian age. The mineralizing 
solutions apparently were derived from a diorite pluton of probable Cretaceous age that is exposed more 
than a mile to the south of the mine. At the Lone Star property in Ferry County, just south of the Cana
dian border about 4 niiles west of Danville (25) chalcopyrite is disseminated and in veinlets along the 
foliation of schis tpse serpentinized dacite in a zone 50 feet wide in; the hanging wall of a diabase dike. 

Zinc and Lead 

. Zinc has been mined as the principal product at 23 mines in the State, and lead at 36 mines. Total 
cumulative production of zinc through 1963 has had a value of $109 million, and lead, $52 million. 

Thousands of zinc and lead occurrences, usually in quartz veins, are distributed throughout most 
of the areas in which copper, gold, and silver are found in northeastern Washington and in the Cascade 
Mountains, but most of the production has come from the replacement deposits of zinc and lead iri the 
Metaline district (29) in northei-n Pend Oreille County, Other important production has come from simi
lar deposits in the Northport (28) and other distr icts in northern Stevens County, Eight deposits of 
complex ores in the Cascade Mountains have produced a little more than 1,400 tons of lead, having a 
yalue of about $300,000; most of this came from the Kaaba mine in the Nighthawk district (23), About 
21,000 tons of zinc was recovered as a byproduct of copper-gold production at the Holden mine (18) in 
Chelan County during the years 1943 tp 1957, In the western Cascades many of the zinc-lead deposits 
are associated with Tertiary granitic rocks, but most of the deposits in eastern Washington that can be 
related to igneous sources are associated with Mesozoic granitic rocks, 
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In the Metaline district, zinc occurs with lesser amounts of lead as large low-grade replacement 
deposits of disseminated sulfides iri Metaline Limestone of Middle Cambrian age, generally in a zone 
less , than 500 feet stratigraphically below the ovei-lying Ordovician Ledbetter Slate, The ores are in the 
graben bounded by the Slate Creek and Flume Creek faults. The mineral composition of the ores is 
simple, sphalerite and galena being the common minerals. Galena appears tp be concentrated-near, the 
peripheries of the ore bodies. Generally the gangue is dark-gray jasperoid formed by silicification of 
limestone. Most of the ores occur in breccia zones in the carbonate rocks. Production from the Fiend; 
Oreille mine iri recent years has shown a ratio of about 3 parts of zinc to 1 part lead, and the ore con-

0 . 0 f tained a b o u t r ^ ^ ounce of silver fpr each 1 percent of lead. Although the c loses t outcrops of the quartz 
monzonite and granpdiorite of the Kaniksu batholith of .Cretaceous age are severall miles distant from' 
the largest kriown ore bodies, it has been suggested that the zinc-lead deposits are related tp this 
batholith and that metallization took place dui-ing a late stage of i ts intrusive histpry, 

-' Although one of the lai-ge mines in the Metaline district (29), the Grandview, was closed down in 
recent months, the possibility of developing significant new reserves in the district is considered to be 
very good. 

In the Northport district (28) in northern Stevens County most of the larger zinc-lead pre bodies 
are also in the,Metaline Limestpne; some are near the overlying,Ordovician s la te , but Others are far 
below the tpp of the limestpne formation. The ore bodies are not yeinb but are roughly tabular replace
ment deposits that are parallel or nearly parallel to bedding planes. Ore; is localized along bedding-
plane shears in several mines. Many deposits seem tp be related to major or minor faults, and at some 
deposi ts , such as those at the Van Stpne and Deep Creek mines, Mesozoic granite crops 'out nearby. 
A small amount (about .25,000 tons) of lead has been produced from 1916 tp the present time frpni nearly 
vertical chimneys or pipes- in Metaline Limestone in the Gladstone Mountain area in the eastern part of 
the Northport district. In plan view the chimneys are roughly circular or ell ipsoidal. They appear to be 
localized in breccia. The ore minerals are cerussi te and galena. 

. Uranium - ' ; 

Uranium has been reported in many localit ies in Washington, but most of the production has come 
from one, property, the Midnite mine (34), in southern Stevens County. Here autunite and other secondary 
minerals and uraninite and coffinite occur in Precambrian metasedimentary rocks and Mesozpic granitic 
rocks at and near their contact. Small production has come from Tertiary tuffs and lake beds in southern 
Stevens County and from autunite-filled joints and ppen fractures in alaskite and pegmatite associated 
with biotite-quartz monzonite pf probable Cretaceous age in Spokane County (A.E. Weissenborn, oral 
communication, 1964). , ; 
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Map showingjgranitic and ultramafic rocks, structural,trend lines and locations and products 
of mining districts in Washington. . 
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SKAMANIA COUNTY 

8. Name: Wind River. Loc: On Wind River, about 17 mil. N. O/f Carson. 
Descr: Opals said to occur as amygdules in lava but tes. /Not known 
whether the opal i s of precious or common variety/. Value: Unknown, 
but warrants i nves t iga t ion . Ref: 3, "p. 29. / I 

9.. Name: Rainbow prospect. Loc: mz sec. 5, (2-5E). Descr: 
quant i ty of amethystine quartz on dump of a shaf t . Value; 
co l lec tors only. Ref: 3, p. 29. / 

Small 
Of value 

9A. Name Stevenson. 
Stevenson. Descr 
10 i n . long i h 
Ref: 3, p. 29. 

Loc: Near E. Fk. Spring Creek, 
/ 

ab^put 4 mi 

to 

^ of 
Buff-gray chalcedony as cavi ty f f l l i n g s as much as 

surface s o i l . Value: Of value to CQIlectors only. 

KITTITAS COUNTY // 

10. Name: Horse Canyon (Virden). Loc: WJg Sê c. 
t rac t i ve blue chalcedony. Value: Of value to 
2 3 . . • • • ' / 

34,/(20-17E). _ 
co l lec tors only 

Descr: At-
Ref: 

lOA. Name: Cumby. Loc: SE% sec. 2 1 , (21-15 '̂E) on fjliddle Fk. Teanaway River. 
Descr: A t t rac t i ve jasp-agate in vein lets in basal t . Value: Several 
hundred pounds were mined and sold in/1955. ./ 

IOB. Name: Lion Gulch. Lo£: NE% sec. 24,/ {21-i:^E) in Lion Gulch. Des,cr: 
Green sandstone sui table fo r bu i ld ing stone/ Value: Quarried in T954 
by Washington Green Sandstone, Inc. / Moses/Lake, Washington. 

IOC. Name: Redtop-Cle Elum Lake. 

lOD. 

tb 4 Loc.:/A belt/of Teanaway basalt 1 . . 
wide extending about 50 mi. westward to Cjle Elum Lake and beyond. Des 
Agates and chalcedonic nodules and' geodes in Teanaway basalt. /In sec. 
16, (21-17E) are abundant agates,/includ/ing blue varieties, and geodes 

mi. .' 
ser/ 

in 
3, 

soil and basalt bedrock 
p. 23-24. 

Value: Of value to collectors Ref; 

Name: L iber ty . Loc: At heads of Will/iams and Boulder Creeks. Descr/ 
Abundant agate- f i lTed geodes reported/ Probably in Teanaway basalt . 
Value: Should be invest igated. / Ref: h , p. 23. / 

lOE. Name: Squaw Creek. Loc: In ySquaw Greek area 10 mi. E. of/Yakima R/ 
Descr: Onyx agate reported as massive interbasal t - f l ow f i I'l ing. Va 
Some material is said to have been/sold. Ref: 3, p. 24. / 

n Name: Ginkgo Petrified Forest State Park. Loc: In E. central pa 
T. 
in 

17 N., R. 22 E. Descr:/Opaliz,ed logs and log fragments abunde 
... the basalt and interbasialt sediments. Value: Curren^tly a sta' 
park; hence removal of samples proh ib i ted . Ref: 3, p./24-25. 
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DOUGLAS COUNTY 

\l2. Name: Moses Coulee. Loc: Along the Coulee. Descr: Fire opal re-
\ portedly found here as cavity fillings.. Value: Unknown, but warrants 
\ investigation. Ref: 2, p. 46, 3, p. 20. 

\ • ' • . ' " 

\ GRANT COUNTY 

13.\ Name: 
\ Descr. . ^ - . ._. 
\ brooches, e tc . 

Saddle Mountains. Loc: Along summit of Saddle Mountains, 
Opalized wood is abundant. Value: Suitable fo r r ing stones, 

Ref: 1 , p. 395-401, 426-430; 3, p. 21 . 

YAKIMA COUNTY 

\ l4 . Name: Mount.Adams. Loc: SW cor. sec. 27, ( 8 - l l E ) . Descr:. Light 
pinkish-gray andesite that breaks in to sheets from % tb 3 or 4 i n . 
th ick and 6 to 8 f t . across. Value: Has been used fo r f lagstones, 
stone benches, and other decorative purposes. Recently operated by 
Joe\Marsten, Port land, Oregon. 

15 \ Name.: Dog Lake. Loc 
River. Descr: Tieton 

table^ts of various sizes 
blocks. Currently operated 

On both sides of Clear Creek from Dog Lake to 
Light-gray andesite which breaks in to long f l a t 

Value: Suitable for flagstones and pat io 
in a small way. 

\ 
Name: Loc: sec \Yakima 
jasper\with irregular yellow 

17. 

18. Name 

a\ted 

Name: 
Va 1 ue: 
pol\ishing\. 

wi th basal t . Value 

Barrel Springs. 
Used by Indians 

Ref: 3, p. 

12, {13-1.8E) 
opal phases occurs.in 

Suitable for small ornaments 

Descr: Red and maroon 
a. 1-ft. bed associ-

Ref: 3, p. 32. 

Loc: sec. 18, (12-24E).. Descr: Opalized wood. 
for 
32. 

arrowheads. Suitable for cutting and 

\ 
Loc: In small gullies 

or 35, (12-23E). 
crossed by 
Descr: 

Sunnyside-White Bluffs road. 
the Sunnyside-White Bluffs road, sec. 26 
Exposures of ai bed composed of a tangle of petrified wood fragments. 
ValueV Suitable for cutting and polishing. Ref: 3, p. 32. 

\ 
19. Name: \ Sunnyside. 

Sunnyside. Descr: 
•Ref: 3,\ p. 31V 

Loc: Reported on N. side of Yakima River W. of 
Agates in smooth washed gravel. Value: Unknown, 

FRANKLIN COUNTY 

Name: WhVite Bluffs. 
Pasco, in\T. 11\N., R. 28 
bluffs. Value: Of value to 

\ 

Loc: Along E. bank of Columbia River NW of 
E. Descr: Agates in i ron-s ta ined forming 

co l lec tors only. Rei[: 3, p. 20-21. 

- 4 -
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KLICKITAT COUNTY 

21. Name: Roosevelt. Ldc: sees. 16 and 17, (3-21E). Descr: Abundant 
opa74ied?iWood between basalt flows and exposed in soil, Val ue: Of 
value td eolleetors only. Ref: 3, p. 25. 

21A, Name: Laurel, Loe: NE% see. 10, (5-llE). Deser: Red scoria. Value: 
Currently produced by William Tubbs, Glenwood, Washington. 

OKANOGAN COUNTY 

22. Name: Tunk Creek, Loe: N̂s sec. 5, {35-27E), Deser: Thulite occurs 
as lenses as much as 3 ft. across in hornblende schist. Value: Has 
been used locally in brooches and fireplace facing. Note: Small 
crystals of sapphire^ and ruby have been found associated with the thu
lite. Re£: 3, p. 27; 9, p. 856; 10, p, 519-527. 

23. Name: Roosevelt mine. Loc: Center see. 24, {40-30E). Descr: Zoisite 
occurs with epidote, green garnet, and other contact metamorphic miner
als. Value: Of value to eolleetors only, Ref: 12, p. 45. 

24. Name: Nespelem. Loc: Reported in N. center see. 4, (31-30E). Deser: 
Turquoise. Value: Unknown; warrants confirmation, Ref: 3, p. 27. 

FERRY COUNTY 

25. Name: Republic. Loe: Reported 15 mi. N.E. of Republic. Deser: Ame-
thysti details unknown. Value: Unknown. Ref: 3, p. 20. 

STEVENS COUNTY 

26. Name: Smoky Bu l l i on . Loe: NEJ3 see. 3, (37-39E). Deser: Thul i te 
occurs as J^-in. ve in l e t . Value: Of in te res t to co l lec tors only. 
Ref: 3, p. 30. 

PEND OREILLE COUNTY 

27. Name: Timber Mountain. Loc: W. center see. 29, and S. center see. 
32, (36-4E). Deser: Thulite crystals % in. or less in size occur in 
pegmatite. Value: Of value to eolleetors only. Ref: 3, p. 28; 8, 
p. 57. 

28. Name: Reis. Loe: On W. bank of Pend Oreille River in see. 12, (31-
45E). Deser: Amethyst crystals in a quartz vein. Value: Of value 
to col lectors only. Ref: 3, p. 28; 5, p. 46. 
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LINCOLN COUNTY 

29. Name: Mondovi. Loc: Reported 1 mi. N.W. of Mondovi; also a mile 
or so N, of Mondovi. Descr: Fire opals said to be large and of 
excellent quality. Value: Unknown; warrants investigation. Ref: 
3, p. 27, 

WHITMAN COUNTY 

30. Name: Hole in the Ground (Bach). Loc: On farm of H, C. Bach, 
probably in NŴ N̂Ê  sec. 22, (2041E). Descr: Sheeted metamorphic 
rock, in various shades of red, purple, and brown, breaks into 
slabs 1 to 2 in. thick and Sieveral feet across. Value: Quarried 
occasionally and used for flagstones, patio paving, table tops, 
and benches. 

31. Name: Ringo. Loc: On hill W. of Ringo station in see. 18, (16-
46E). Descr: 75-ft. bands of quartz, some of which is amethystine. 
Value: Probably of value to cgllectors. Ref: 3, p. 31; 4, p. 75. 

32. Naime: Whelan. Loc: SWĴ  see. 20, (15-46E). Descr: Precious opal 
occurs as cavity fillings in basalt at depth of 22 ft. Value: 
Deposit operated commercially in 1891-1892. Sales amounted to 
$5,762 in 1891. Now nonoperative but may still contain good opal. 
Ref: 2, p. 46; 3, p. 30-31; 6, p. 776; 11, p. 874. 

33. Name: Moses. Loc: sec. 17, (11-45E), Descr: Precious opal said 
to occur in a prospect pit and as float along railway below prospect. 
Value: Warrants confirmation. Ref: 3, p. 31; 7, 

QUARTZ CRYSTALS 

WHATCOM COUNTY 

34. Name: Yellow Aster Butte, Loc: Near S, % cor, sec. 18, (40-9E), 
Descr: Quartz crystals 1/8 to 4 in, long in vugs in quartz veins. 
Value: Probably of value to collectors only. 

JEFFERSON COUNTY 

35. Name: Mount Anderson. Lo£: NW%SW% see. 28, (26-5W). Descr: Clear 
quartz crystals as much as 2 in. long are said to be quite numerous. 
Value: Probably of value to collectors only. Ref: 3, p. 22. 

36. Name: Rustler Creek. Lo^: SW%SW% see. 31, (25-7W)-. Descr: Quartz 
crystals 2 in. long and 1 to \ h in. in diameter occur in open portions 
of a quartz vein. Value: Of value to collectors only. Ref: 3, p. 22. 



SNOHOMISH COUNTY 

37. Name: S i l v e r t i p Peak. Loc: '' Reported near Weden Creek-Silver Creek 
divide SE. of Mackinaw prospect. Descr: A few clear quartz crysta ls 
said to have been found, one of which was 4 i n . long and 2 i n . in d i 
ameter. Value: Unknown; warrants inves t iga t ion . . Ref: 3, p. 30. 

KING COUNTY 

38. Name: Dev i l ' s Canyon. Lo£: SĴ  sec. 27, (25-lOE), 300 f t . above Devi l 's 
Canyon prospect. Deser: Vuggy zone about 400 f t . wide in which are 
many clusters of c lear quartz c rys ta l s , most o f the crysta ls being less 
than 2 i n . long and h i n , in diameter. Value: Probably of value to " 
co l lectors only , Ref: 3, p. 23, 

39. Name: Cl ipper, Loc: N, center sec, 1 , (23-1 IE ) . Deser: Vuggy zone 
contains clear quartz c rys ta l s . Value: Might be useful in e lec t ron ics ; 
warrants inves t iga t ion . Ref: 3, p. 23. 

40. Name: Denny I ron . Loc: NÊ ^ sec. 6, ( 22 -nE) . Descr: Vugs and j o i n t 
planes l ined with quartz c rys ta l s . Excellent crysta ls have been found 
in f l o a t . Value: Deserves prospecting. Ref: 3, p. 22-23. 

KITTITAS COUNTY 

41 . Name: Lake Cle Elum. Loc: On W. shore of Lake Cle Elum near prominent 
beach where is land exists at high water. Probably in see. 29, (21-14E). 
Descr: Quartz crysta ls in geodes. Value: Of value to eol leetors only . 
Ref: 3, p. 24, 

CHELAN COUNTY 

42. Name: Crown Point mine, Loc: SE% sec. 8, (31-16E), at head of cirque 
basin W. of Lyman Lake in long ad i t 200 f t . below molybdenite vein. 
Deser: Vuggy zone in d i o r i t e contains c lusters of quartz crystals as 
much as 2 i n . long. Value: Probably of value to co l lec tors only. 
Ref: 3, p. 18. 

OKANOGAN COUNTY 

43. Name: Early Winters Creek. Loc: On mountain j u s t NW. of lower part 
o f Early Winters Creek. Descr: Said to be deposit o f la rge , s l i g h t l y 
smoky quartz c rys ta l s . Value: Unknown; should be investigiated, Ref: 3, 
p. 27. 

44. Name: Sheridan d i s t r i c t . Loc: Area at head of E. Fk. Toroda Creek. 
Deser: Workings in th i s v i c i n i t y said to expose quartz crysta ls of 
f a i r l y large s ize . Value: Unknown; should be invest igated. Ref: 3, p.27. 

- 7 -
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WHITMAN COUNTY 

45. Name: Colton. Loc: Near center see. 7, (13-46E), on Bald Butte near 
Colton. Descr: Smoky quartz crystals said to be numerous in a sand 
pit. Value: Warrants investigation. Ref: 3, p. 31. 

-8-
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A quartz-aragonite-talc schist from the lower Skagit Valley, Washington 

BERNARD W . EVANS AND PETER M I S C H 
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Abstract 

A thin metaperidotite layer containing the assemblage quartz -+ aragonite + talc crystal
lized under blueschist facies conditions in the Darrington Phyllite, northwestern Washington. 
It is inferred from this occurrence that the stability field of talc -̂ - CaCOa + quartz extends 
across the calcite-aragonite phase boundary. 
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Introduction 

On ihe basis of field evidence, talc was added by 
•.Vv (1948, 1951) to Bowen's (1940) list of minerals 
;r -x expected during the progressive metamorphism 
.' i.iiceous dolomite. Experiinental work in the 
tied volatile system C a O - M g O - S i 0 2 - H , 0 - C 0 2 
•••I >-ub.scquently confirmed a stability field for the 
'. •<r.\\ pair talc + calcite (Metz et al., 1968; Gordon 
•'''.Greenwood, 1970; Skippen, 1971, 1974; Slaugh-
- '̂ a!., 1975). At lower temperat-ares, or higher 
'V^'tigacities, talc + calcite + CO-^ react to form 
'•••'niite -f quartz -f HzO; at higher temperatures, 
•'"•• ^ calcile -f quartz react to tremolite -I- CO2 + 
'•'>. .tnd talc + calcite react to tremolite + dolomite 

; 0 , 4- H2O. 

'i.)'.K'v-er, talc is not common in metamorphosed 
'•••'•='->us dolomite (e.g. Melson, 1966; Hutcheon and 
•• ••'••c. 197.3), and its ab.sence has been ascribed to a 
'">:r of factors, viz. the narrow field of stability 
"Ul-c 4- calcite on the T-Xco, diagram (Skippen, 
''•'• i974; Slaughter et al., 1975), production o f a 
•"'-'fipcrature, very COj-rich faiid by buffering 
'"•'- the reaction curve dolomite + potash feldspar 

plilogopite + CaCOj + CO., (Gordon and 
"•"-"̂ ood, 1970; Trommsdorff, 1972), low pres-
' '-'!" iiH'lamorphism (Skippen, 1974), and high 
' - •« of metamorphism (Slaughter ct al., 1975). 
••'•p:iper describes a rock containing the mineral 

'-;0 

-•^'--.'.bt.i 
gt; laic -f quartz -f aragonite, from which it 

'̂''̂ <i that the field of talc -f C a C O , -f quartz 
.icross the calcite-aragonite phase boundary. 

Regional setting 

• |!i 'artz-aragonite-talc schist occurs as a 1 to 3 
•̂ '̂  layer within graphitic phyllite in a small 

roadside quarry overlooking the Skagit River, on the 
South Skagit Hignway, 2 l/2i-niles east of i tsjunction 
wilh Washington State Highway 9 (Clear Lake Quad
rangle). The rocks in the vicinity of the quarry belong 
to the Darrington Phyllite, a unit of,pelites, semi-
pelites, and plagioclase-rich psammites, which is con
formably overlain by the metabasaltic Shuksan 
Greenschist, an actinolitic greenschist with blueschist 
intercalations (Vance, 1957; Misch, 1959,1966; Bry
ant, 1955; Jones, 1959). The metamorphism of this 
sequence was interpreted by Mi.sch (1959) as repre
senting an intermediate P / T range within a compre
hensively-defined blueschist facies. Within this sub-
facies range, crossite and crossi te-glaucophane 
schists formed under higher, and actinolitic green
schists, under lower oxygen fugacities (confirmed by 
Brown, 1974). Epidote is abundant , whereas lawson-
ite occurs sporadically in some phylUtes and meta-
psammites, and jadeite has not been found, although 
pyroxenes in the chloromelanite range (optically) oc
cur in some m.etabasalts south of the Skagit (Bryant, 
1955; Vance, 1957; .Iones, 1959). Aragonite has re
cently been identified in blueschist ten miles east of. 
the locality here described. 

At the quarry, the country-rock graphitic phyUites 
contain phengile, chlorite, quartz, and albite. Some 
100 yards farther west .graphitic phyllite contains ac
cessory lawsonite and epidote, /as well as what ap
pears to be aragonite being replaced by calcite. The 
various phyUites contain (he record of an Su S2, S, 
sequence. Sl survives in some panels between S^ 
planes. The dominant foliation S2 parallels the axial 
plane of tight folds of S,, with I'aajor transposition of 
phyllosilicatc and graphite layers. Asymmetric open 
folding of ^2 has led lo an oblique incipient ^3, with 
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further transposition of graphite and some phyllosili-
cate. 

Quartz-aragonite-talc schist 

The thin quartz-aragonite-talc schist forms a fiat-
tened isoclinal fold of 5i. Except in the narrow hinge, 
ail foliation seen in the talc layer represents S2. which 
is marked by strongly aligned talc flakes, mostly 
much less than 0.5 i-nm long, accompanied by minor 
chlorite. ^2 is openly microfolded. This chlorite-talc 
fabric is partially replaced by 1 to 4 mm quartz and 
aragonite xenoblasts, commonly elongate parallel to 
52, and by Sz-elongate glomeroblastic aggregates of 
both minerals. Some quartz and aragonite crystals 
include trains of S2 chlorite-talc fabric. There is no 
visible sign of reaction between the talc and the later-
formed quartz and aragonite (Fig. 1). 

The talc layer is sharply bordered by originally 
nearly nionomineralic chlorite schist several millime
ters thick. The chlorite fabric is identical to that of 
talc and is similarly and extensively replaced by 5'2-
elongate quartz xenoblasts which include trains of ^2 
fabric of chlorite, openly folded in places. The chlo
rite selvage clearly represents a tectonically drawn-
out blackwall reaction zone between metaperidotite 

. and enclosing metasediment; the talc schist layer, 
which contains accessory chrornite and a variety of 
sulfides ccntaining Ni, Fe,- and Cu, is all that remains 

of the metaperidotite at the outcrop. The chlorite 
selvage lacks carbonate but contains minor trernolite 
in discrete layers (in one sample, at the talc-chlorite 
boundary).' 

Although the replacement quartz and aragonite 
postdate the talc and chlorite 52 fabric and its open 
microfolding, they were nevertheless affected by con
siderable late-stage deformation. Both show strained 
extinction, and aragonite has secondary polysyn-
thetic twinning. Moreover, widely spaced 53 planes 
oblique to 52 cut the replacement quartz xeno
blasts, which at such shears are locally granulated 
and annealed as fine-grained mosaic. This feature is 
best displayed in the chlorite selvage which also 
shows local transposition and recrystallization of 
chlorite in S3. The sarne pattern is shown less dis
tinctly in the talc layer, involving transposition of talc 
into 53. An irregular growth of minor amounts 01 
calcite has formed at the expense of some of the 
aragonite. 

Thus, the main growth of quartz and aragonite 
took place after formation of 52 but predates 53. Tak 
crystallized during movement on Si, recrystaliized 
during formation of 52 and recrystaliized again, in 
minor amounts, on 53. We therefore infer that th; 
intimate association of talc, aragonite, and quari-
constitutes a stable assemblage. Tremolite did no: 
form as a reaction phase between talc and introduced 

T.\BLE I, Micro 

SiO 2 
no 2 
M-fi 3 
C r , 0 3 

FeO* 

%o 
C.1O 
. '•nO 

SiO 
r 
Cl 

' total 

C h l o r i t e 

2 9 . 3 
. 0 1 

16 . Cl 
3 . 9 t 

12 .2 
2 5 . 1 

.06 

.19 

. 3 3 

.09 

.02 

87 .60 S 

f e a s FeO 

I 

'aragonite O q u a r t z La5_rnm_ 

i^^^gtalc fabric with subordinate chlorite 
=^=^-_chlorite-talc trains in aragonite and quartz 

FIG. I. Chlorite-bearing talc schist partially replaced by aragonite and quartz. 

carbonate and silic 
amounts on 52 in t 
was presun-iably his 

.Aside from Fe i 
"i!!e, the compositi 
aiartz can be rath< 
CaO-MgO-SiO^-H; 
,12 effect of Fein th 
Mlanced by Fe in 
rha.se, the over-all e 
Thompson, 1975). Si 
"̂ ic is likely to be cc 

I ''i' alternate carbon 
I '"f-i on the stability c 
I --i'-inz will be minim 
I - y 1974). 
f South of the Skagi 
I "-iymorphism of tht 
I ''1 Greenschist canr 
I •'•per limit of stabili 
j '_•••••• 1965; Newton, J 
I '"'-• '̂  kilobars are re 
I '̂_''C and 400°Cresi 
I ' p - The aragonite 
I ••"'•••'n;il metamorphi 
I •• ••<-;-̂  most likely hij 
I '••'••it>n to calcite,. hat 
I ' ••'" calcite stability 
I •'Ore conclude tli 

';:"• •"•e a stable pt 
•'•''-• '^^lieiie-aragon' 
•• '• '̂̂ ''cite .stabilit' 
'̂'"̂ •̂. as claimed 

' s;^w'^^^~'^:^^^^fP^^^?ffRmf^i^ii?^^f^4-s^^prw'^^ ^ P ^ y ' y - y - ^ f ^ ^ 



psa-<a>sa8aiaajaa>«a^^ 
~&.4i 

QUARTZ-ARAGONITE-TALC SCHIST 1007 

t t 

he chloritt 
ir tremolii. 
ilc-chlori!.t 

d aragoniu 
ind its 0[K,-
cted by con. 
low strainr.* 
iry polyssfi. 
ed 53 piano 
quartz xeno-
y granulaicti 
his feature n 

a which ais.;-
tallization c! 
I own less di-. 
)osition ofuk 
)r amounts tn' 
f some pf ih< 

and aragoniu 
redates Sz. Tu!; 
, recrystalli/.cc 
ilized again, f 
e infer thai Z-
ile, and quaf.; 
:molite did nc' 
: and introdua--

TAHLE 1. Microprobe analyses of pha.se.s in talc schist 

Chlori te Talc Chromite Aragonite 

• : ' . 1 . 

ii..03 
.-..O3 

.'.:0* 

IJ -
•r.O 
v.n 

29.3 
.01 

16.4 
3.9t 
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61.6 
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.16 

.10 

.02 
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.11 
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23.6 
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.09 

98.30 

FeCOj 
MgC0 3 
CaCO 3 

>foC03 
NiCOj 

SrCOj 

.00 

.04 

.15 
98.69** 

.00 

.03 

total Fe as FeO t very var iable ** by difference 

.-iirbonate and silica, although it did grow in fninor 
i.iiounls on 52 in the chloritic blackwall, where/H20 
*a.s presumably higher than in the talc layer. 

Conclusions 

,'\side from Fe in the talc and Sr in the arago-
liic, the compositions of the talc, aragonite, and 
;-.:artz ean be rather well expressed by the system 
':.i0-MgO-SiO2-H2O-CO2 (Table 1). The stabiliz-
ig effect of Fe in the talc will be more than counter-
'aianced by Fe in tremolite, the alternate silicate 
7r,iie, the over-all effect being minimal (Rice, 1975; 
ii"iompson, 1975). Similarly, the effect ofSr in arago-
•'tc is likely to be counterbalanced by Mg in calcite, 
•'•c alternate carbonate phase; again, the overall ef-
'•''-'1 on the stability of the assemblage talc-aragonite-
l-:artz will be minimal (see also Skippen and Hutch-
•i!n. 1974). 

'̂ outh of the Skagit River, the temperature of the 
'•'ianiorphism of the Darrington Phyllite and Shuk-
-"1 Greenschist cannot have exceeded s:400°C, the 
•p'T limit of stability of lawsonite (Crawford and 
"••''••. 1965; Newton, 1966; Liou, 1971). Pressures of 7 
'••" 9 kilobars arc required to stabilize aragonite at 
'pC and 400°C respectively (Johannes and Puhan, 
'•')• The aragonite formed in the course of the 
••?'onal metamorphism, and therefore at temper-
"•'« most likely.high enough to ensure its back-
-''•"iion to calcite, had it formed from strained calcite 
1 7 ^'''cilc stability field (Brown ct al., 1962). We 
•"•'cfore conclude that natural talc, aragonite, and 
'p^i are a stable paragenesis at pressures in excess 
."'^ calcite-aragonite inversion curve. Even if the 

_•• •'• calcite stability field contracts with increasing 
•''^-"re, as claimed by Slaughter et al. (1975), it is 

still in existence at pressures high enough to convert 
calcite to aragonite. 
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I Ĵy ofthe area h. 
j ' m y The mar 
I ?-"ry. In the v\ 
I ''liic, pale grey. 
I --.̂ stallized silica 
I •••casional thin 
I "-̂ "ing planes. 1 
I "•" marble becor 
I •"'• end, where i 
| , '^""al tight fold: 
I •'•̂ ^̂ . with a b; 
I •̂ 3̂iiiig of grey c 
I ^ " 'c present nc 
I •''• black coating 

3 The nature 

I 7 7 '̂ '̂ '̂̂  rna 
I ''-'^"iying l imes 

• | ) ,v 
isionofthe Fl 

5 f a^^?^g fe ' ; ^ i a^ . ^p3^^» j j i ^P | ^^^ r ; , j ^^ • 

file:///Vcstminster

