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U.S. GEOLOGICAL SURVEY CwHET
NATIONAL MAPPING DIVISION ‘
EARTH SCIENCE INFORMATION CENTER - LAKEWOOD. - .. - "=
ROCKY MOUNTAIN MAPPING CENTER Lo
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
3

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

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 Tlist (horizontal or
vertical). For ordering address, see note (a).

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).

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

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

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, 1:24,000-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.

-1~



ORTHOPHOTOQUAD MAPPING

2

NOTES
(a)

(b)

(c)

()

Aerial phogography comp]eted generally quad centered at 1:80, OOO-sca]e. See notes
(a) and (b ek LI ,:::. :

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 1mage on photographic paper is $20.00;
for screened image on my]ar or cont1nuous tone image on opaque scale stable film is
$36.00. S Cd

Same materia]s evai]able as 4, however, land net (General Land Office) is shown.

Second generat1on advance copy ava11ab1e Refer to 4, above, for ordering
information and prices.

Same materials avai]ab]e as 0, however, 1and‘net (General Land Office) is shown.

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

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

-Requeéts for aerial photography, control 1ists 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. '

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. ' ’

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.

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

WASHINGTON DIV 1 Camas
OF ‘GEOLOGY &

EARTH RESOURCES

2-1n-3e W
WILDCAT (Temp
Gradient) U

““XNW SE.

(11-30-79 BK). El: 220 GR.

Spud 12-12-79, drld to 500, cmtd pipe @ 500, TD 500.

...Temperature gradient well, comp 12-13-79.

Petroleum Information.

CORPOAATION
U Sty o 48 Veptum ey

 WA1-122879

(© COPYRIGHTED 1979

REPRQODUCTION PROHIBITED Form No. 61|
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WASHINGTON

CLARK

WASHINGTON DIV 2 Camas
.OF GEOLOGY & :
EARTH RESOURCES

21-2n-3e W
WILDCAT (Temp
Gradient) U

“SW SE.

500. (11-30-79 BK). El: 260 GR.

Contr: Soil Sampling Service. Spud 11-28-79, drld to 233, 2 @
233, TD 233. ...Temperature gradient well, comp 12-11-79.

Petroleum Information.

CORPORATION
O Salbdss 4 44 Vertron { amprany

WA2-122879

(©) COPYRIGHTED 1979

REPRODUCTION PROHIBITED Form No. 61
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WASHINGTON

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

“SETSES

(11-30-79 BK). El: 3500 GR. .

Lat 46 degrees, 10 minutes, 22 seconds N;

Long 122 degrees, 16 minutes, 06 seconds W.

Contr: Soil Sampling Service. Spud 11-1-79, drld to 505, 2 tbg

cmtd @ 505, ran TMPL, BHT 46.7 degrees F (8.2 degrees C), preliminary

gradient 38 degrees c/km, TD 505 (Eocene). ...Temperature gradient well,
comp 11-7-79.

WA3-122879

Petroleum Information.

COPYRIGHTED 1979
u..:.o:'?:‘::):x..., ©HEPRODUCTION PROHIBITED Form No. 611
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WASHINGTON

LEWIS . 3-12n-8e W
WASHINGTON DIV Davis Mountain WILDCAT (Temp-
OF GEOLOGY & Gradient) U
EARTH RESOURCES

ow oL,

(11-30-79 BK). El: 2000 GR.

(Well number not desingated).

Lat 46 degrees, 33 minutes, 10 seconds N;

Long 121 degrees, 47 minutes, 07 seconds W.

Contr: Soil Sampling Service. Spud 8-29-79, drld to 479, 2 tbg cmtd @ 479,
ran TMPL, BHT 46.2 degrees F (7.9 degrees C), gradient isothermal, TD 479

(Eocene). ...Temperature gradient well, comp 8-31-179.
WAS5-122879
Petroleur& mI.Pngormatlon. © CoPYRIGHTED 1979

U Subrads o 40 Srtore ey REPRODUCTION PROHIBITED Form No. 611




WASHINGTON

LEWIS 6-14n-8e W
WASHINGTON DIV Longmire WILDCAT (Temp
OF GEOLOGY & Gradient) U
EARTH RESOURCES

“SW RW.

(11-30-79 BK). El: 2330 GR.

(Well number not designated).

Lat 46 degrees, 43 minutes, 46 seconds N;

Long 121 degrees, 51 minutes, 05 seconds W.

Contr: Soil Sampling Service. Spud 7-25-79, drld to 325, 2 tbg cmtd @ 325,
ran TMPL, GG, BHT 47.3 degrees F (8.5 degrees C), gradient 57.6 degrees

¢/km, TD 325 (Eocene). ...Temperature gradient well, comp 7-31-79.
WA8-122879
Petroleunc}” "Hgormatlon. © COPYRIGHTED 1979

o Sebunims o 41 Vi oo

REPRODUCTION PROHIBITED Form No. 61]
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WASHINGTON

LEWIS 8-14n-10e W
WASHINGTON DIV Ohanapecosh WILDCAT (Temp
OF GEOLOGY & Gradient) U

EARTH RESOURCES

“=SW SE.

(11-30-79 BK). El: 1600 GR.

-(Well number not designated).

Lat 46 degrees, 42 minutes, 54 seconds N;

Long 121 degrees, 34 minutes, 39 seconds W.

Contr: Soil Sampling Service. Spud 8-2-79, drld to 374, 2 tbg cmtd @ 374,
ran TMPL, GG, BHT 52 degrees F (11.11 degrees C), gradient 45.3 degrees
c¢/km, TD 374 (Eocene). ...Temperature gradient well, comp 8-31-79.

WA9-122879

Petroleum Information. © COPYRIGHTED 1979

CORPORATION . - REPRODUCTION PROHIBITED Form No. 611

¢ S, W 4 Wirtrom | m—
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WASHINGTON

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

T SW SE-

(11-30-79 BK). El: 1600 GR.

(Well number not designated).

Lat 46 degrees, 42 minutes, 54 seconds N;

Long 121 degrees, 34 minutes, 39 seconds W.

Contr: Soil Sampling Service. Spud 8-2-79, drld to 374, 2 tbg cmtd @ 374,
ran TMPL, GG, BHT 52 degrees F (11.11 degrees C), gradient 45.3 degrees

¢/km, TD 374 (Eocene). ...Temperature gradient well, comp 8-31-79.
WA1-122879

Petroleun(lmlur“xoformatxon. © copymGHTED 1979 . .

. REPRODUCTION PROHIBITED Form No. 611

4 Srbrshars o 4 Noetren | e




WASHINGTON

LEWIS ’ 16-13n-9w W
WASHINGTON DIV Packwood WILDCAT (Temp
OF GEOLOGY & " Gradient) U
EARTH RESOURCES

“RW &W.

(11-30-79 BK). El: 1200 GR.

(Well number not designated).

Lat 46 degrees, 37 minutes, 15 seconds N;

Long 121 degrees, 41 minutes, 35 seconds W.

Contr: Soil Sampling Service. Spud 8-23-79, drld to 498, 2 tbg cmtd @ 498,
ran TMPL GG, BHT 57.5 degrees F (14.2 degrees C), gradxent 48.5 degrees
c¢/km, TD 498. ...Temperature gradient well, comp 8-27-79.

WA6-122879

‘ Petroleum Information.
79
o ©gg:;gg;UHCTI'EI8P:9PROH|BITED Form Na. 611

4 Sobnwts o 4L NVerbrem Canpm,
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WASHINGTON

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

—SW Sw.

(11-30-79 BK). El. 900 GR.

{(Well number not designated).

Lat 46 degrees, 31 minutes, 22 seconds N;

Long 121 degrees, 56 minutes, 22 seconds W.

Contr: Soil Sampling Service. Spud 9-5-79, drld to 420, 2 tbg cmtd @ 420,
ran TMPL, GG, BHT 57.7 degrees F (14.3 degrees C), gradient 44.5 degrees
c/km, TD 420 (Eocene). ...Temperature gradient well, comp 9-10-79.

WA4-122879

eb PEtrc’leu%&.{gormamon' - {©COPYRIGHTED 1979
AEPRODUCTION PROHIBITED Form No. 61

S of 4 Warlam Campny
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WASHINGTON

LEWIS : 2-13n~1le W
WASHINGTON DIV White Pass WILDCAT (Temp
OF GEOLOGY & Gradient) U
EARTH RESOURCES

TTURE T OW,

~ (11-30-79 BK). El: 4480 GR.

- (Well number not designated).
Lat 46 degrees, 38 minutes, 17 seconds N; .
Long 121 degrees, 23 minutes, 27 seconds W. .
Contr: Soil Sampling Service. Spud 8-16-79, drld to 485, 2 tbg cmtd @ 985,
ran TMPL, GG, BHT 52.8 degrees F (11.56 degrees C), gradient 51.1 degrees
c/km, TD 485 (Eocene). ...Temperature gradient well, comp 8-22-79.

WA7-122879

Petroleurgml.ﬁformatmn' © COPYRIGHTED 1979

o Subvaars 40 Vtaen € ot REPROOUCTION PRORIBITED Farm No. 611




WASHINGTON

SKAMANIA 2-Tn-5e W
WASHINGTON DIV 3 St. Helens WILDCAT (Temp
OF GEQLOGY & . Gradient) U
EARTH RESOURCES : -
NE"RW.

(11-30-79 BK). El. 2640 GR.

Lat 46 degrees, 07 minutes, 37 seconds N;

Long 122 degrees, 09 minutes, 09 seconds W.

Contr: Soil Sampling Service. Spud 11-8-79, drld to 431, 2 tbg

cmtd @ 431, rr 11-16-79, TD 431 (Eocene). ...Temperature gradient well, comp
- 11-16-79, ’
WA10-122879
Petroleurr;"olnr'xmformatmn. ©copyRIGHTED 1979

« Sttt o $ 1 Vit { ongan ’ REPRODUCTION PROHIBITED . Form No. 6l
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WASHINGTON 18-9n-5e
SKAMANIA WILDCAT U
WASHINGTON DIVISION OF 1 St Helens

GEOLOGY ET AL; EARTH API 46-059-90000 - U
RESOURCES

nw nw oSpirit Lake I5 minute
Quad.

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

(FIRST REPORT AND COMPLETION).

WA1-032880
Qb Petroleum Information. .
CotrouatiOn (C)COPYRIGHTED 1979
Sttt of 41 Vataem 4 ooy REPROVUCTION PROHIBITED Furm No 611
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WASHINGTON ' . , 20-2n-3e W

CLARK . WILDCAT U
CROWN-ZELLERBACH 1 Crown-Zellerbach
se se. :

750. El: 200 GR. . . . :
Contr: Turner. Spud 8-11-80, 6 @ 225, drld to 485, 1 1/2 tbg @ -

485, rr 8-21-80, ran TMPL, temperature gradient: 42 degrees C/km,
temperature @ 485: 15.1 degrees C, TD 485 (Troutdale). ...Temperature
gradient well, comp 8-21-80 (drld on resistivity anomoly). : '

WA1-103180 -

Petroleum Information.

Conroranon (© COPYRIGHTED 1979

4 Sclniare o 4T Vtaon (ot REPRODUCTION PROHIBITED Form No. 611

>



CLARK WILDCAT )

| WILDCAT U
CROWN-ZELLERBACH 2 Crown-Zellerbach

750.

Abandoned location.

WA1-092680

Petroleum Information. -
comroration (© COPYRIGHTED 1979 -
: 4 Sabraduss of 4 Nurlsww Company REPRODUCTION PROHIBITED Form No. 611



WASHINGTON 25-1dn-14e W
YAKIMA WHITE PASS AREA
WASHINGTON DIVISION 1 Tieton Willows ’ TG

OF GEOLOGY & EARTH

RESOURCES
SWoNw.

500. Ef: 2440 GR.
Contr:  Ponderosa. Spud 7-27-81, drid to 503, ran TMPL, preliminary BHT:
74 deg F, 2 thg @ 503, rr 7-31-81, ran temp survey, BHT 24.14 deg C

]

lemp gradient 89.deg C/Km, TD 503. ...Temperature gradient well, conmp
9-15-81. ’

WA7-092581

@ Petroleum Information.
Corrotanon (© COPYRIGHTED 1979

1 Sy nf 4E Nrtion S v REPRODUCTION PROHIBITED Form No. 61t
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500. E1: 3480 GR.
Contr: Ponderosa. Spud 7-22-81, drld to 503, 2 thg @ 503, rr 7-24-81,

5 ran temp survey, BHT 12.36 deg C, temp gradient between 115-279, 45 deg
3 C/Km, TD 503. ...Temperature gradient well, comp 9-15-81.
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Contr: Ponderosa. Spud 8-5-81,
70 deg F, 2 thg @ 505, rr 8-7-81,

gradient 80-90 degq C/Km, TD 505.
9-10-81.

drid to 505, ran TMPL, preliminary BHT:
ran temp survey, BHT 19.23 deg C, temp
... Temperature gradient well, comp
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1 White River
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OF GEOLOGY & EARTH
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Nw sw,

2800 GR.
(Location changed from ne sw).

500. El:

, 2 tbg @ 472, ran temp

drid to 472

’

81
temp gradient 22.5 deg C/Km

-13-

Spud 7

Ponderosa.

Contr:

TD 472.

7

'

BHT 8.64 deg C

survey,

-15-81.

adient well, comp 9
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Pass

2 Snoqualmie

TON

KITTITAS COUNTY
OF GEOLOGY & EARTH RESOURCES

nw nw (approx).

WASHINGTON DIVISION

WASHING

BK). El: 2800 GR (approx).
nw).
6

81
(Location changed from ne

, ran temp

drid to 460, 2 tbg @ 460
..Comp as temperature

>

-81

1:

Spud 7-

(7-17-
Ponderosa.

500.
Contr:

deg C

TD 460.

s

7.83
13-81.
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WASHINGTON

KING COUNTY 28-26n-13e W
WASHINGTON DIVISION 1 Scenic SCENIC HOT
GEOLOGY & EARTH RESOURCES SPRINGS 'AREA TG
s5€ SwW ! -

N

(7-10-81 BK). El: 2760 GR.
Contr: Ponderosa. Spud 6-23-81 (est), drld to 500, lost fish (T/330),500.
2 tbg @ 330, ran TMPL, BHT 97.7 deg C, gradient 68.3 deg C/Km, TD 500.

...Comp as temperature gradient well 9-25-81. .

WA2-022682
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WASHINGTON

KING COUNTY 27-26n-13e W
WASHINGTON DIVISION 2 Scenic SCENIC HOT

OF GEOLOGY & EARTH RESOURCES SPRINGS AREA TG

ne nw.

500. (7-10-81 BK). El: 2760 GR.

" (Location changed from nw ne). .
Contr: Ponderosa. Spud 6-26-81 (est), drld to 500, 2 tbg @ 495, ran

“TMPL, BHT 99.7 deg C, gradient 38 deg C/Km, TD 500. ...Comp as
" temperature gradient well 9-25-81. :
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made \‘/ASHINGTON DIVISION oF MINES AND GEOLOGY

‘?eormt No. l'O

WASHINGTON MINERAL DEPOSITS =~ = '~ . - =7
Marshall T. Hunttmg Lo i
Washmgton Department of Conservatlon D1v Mlnes and Geology A

o ‘i , ’». 3
A wide varxety of mmeral dep051ts ocecurs in Washlngton Incomplete records 1nd1cate that from the'
first reported discovery of gold in 1853 through 1963, Washington’s total cumulative ‘mineral productlon

is about $2 billion, of which about $341 million is in ‘metallic: minerals- and about: $1.7 billion in non- T
metallic minerals. All'but 10 of the State’s 39 counties have produced gold; sﬂver, copper, lead, or'zinc:. *

However, by far the greatest part of the production of metals has been from the northern row .of" countles,

adjacent to thé Canadian border — Pend Oreille, Stevens,: ‘Ferry, Okanogan and Whatcom Colinties. — and .- - -

the northern Cascade Mountains counties of Chelan and Snohomish.. These-are- the- prmmpal ‘areas of“
occurrence of Tertlary and Mesozom 1ntrus1ve rocks and pre- Tert1ary metamorphlc rocks. - .

“The pr1nc1pal metals, in decreasing order of productlon value are’ z1nc, gold lead copper, ‘s1lver,
and uranium. Lesser amounts of tungsten, mercury, iron ore, antlmony, manganese molybdenum and
chromite have been mined. : : : :

The State of Washmgton can be broadly d1v1ded on the basis of rock types and. structural features' "
into the seven. falrly distinct geologlc areas that are descrlbed below, 1 to 7 See also Flgure 12 L, to
which numbers .in brackets refer. O C - :

In the northeast is an area of sllghtly to moderately metamorphosed mlogeosynchnal rocks of"

early Paleozoxc age, w1th lesser amounts of eugeosynchnal metasedimentary rocks of late Paleozoic age = ° ‘

and Precambrlan metasedlmentary rocks. ' In this area the structural trends are qulte unlformly 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. Intrudlng the older rocks in the area’ are large batho-
liths such as the Kaniksu in northern Pend Oreille’ County.and the Co’lwlle and Loon.Lake batholiths in -
northern and southern Stevens County. These intrusives -are all thought to be Mesoz01c probably- Cre: '
taceous, in age. In western Stevens County are several small areas of Tertlary volcanic rocks. This -
‘northeastern area of Washington 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 thig State and has produced some copper, yo

and tungsten from quartz veins. The Tertiary volcamcs in northwestern Stevens County have’ produced
gold. : , o

2. To the west in Ferry County is an area. about 20 miles w1de and 80 miles long north and south
which is predominantly underlain by Tertiary volcanic, rocks with minor sedlmentary 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 Tertlary rocks in the Republlc d1strlct (26 Fig. 1) are the ‘hosts
for some of the moat productlve gold deposits in the State.’ _ ,

3. Farther to. the west in Okanogan County and the whole northern Cascade Mountains is a large- o

ares of pre- Tertlary low-, medium-, and high-grade’ metamorphlc rocks which are intruded by both Meso-
zoic and early and late Tertiary quartz’ diorite and related rocks. These include schists, gnelsses -
mlgmatltes and_granitic rocks. Greenstone and sllghtly metamorphosed sedlmentary 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 recogmzed Intrusive quartz diorites

-209 - UNIVERSITY er umu
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and related rocks are-of both.Mesozoeic and early and late Tertiary age. Several small to 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 as, 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 ultramaflc rock.

4. Erosion in the southern Cascades has penetrated the cover of Tertiary andesites and basalts
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 ate in the Mt. St. Helens and Washougal districts (3 and 2). Most of
the mercury production from Washlngton — about $700,000 ~ has come from Tertiary sedimentary rocks
in the Morton district (4, Fig. 3) in the west-central part of the southern Cascades. The mercury min-
erahzatlon was localized by permeable sedlmentary ‘beds and 1mpermeable gouge’ zones along faults.

- 5. The Olympic Mountalns 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, at the base of which is a-thick
sequence of.submarine basalts of middle Eocene age. In the basalts are minor interbeds of argilla-
ceous limestone, with which are associated deposits of manganese silicates. 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 Mountalns are the Puget Sound Lowland and the
W1llapa Hills, which are underlain by marine and nonmarine sandstone and shale and flows of basalt and
andesite of Tertiary age. These rocks are folded ‘along predommantly northwest -trending axes. Excel-
Jent shows of oil and gas have encouraged exploration for these resources over a perlod of many years,
hut, to date, no commercial production has resulted.

T The whole southeastern part of Washmgton 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 1nclud1ng some contmental
sedlmentary beds and basalt flows of Pllocene age. The flows and beds. in this ‘aréa are mostly low-
d1pp1ng to flat- lyxng, except for a Series of west and northwest- -trending’ antrcllnes in the western part
of the area. These rocks contain no dep051ts of metallic. mlnerals but are the source from whlch dlato-
mlte and pum1c1te have been produced

Gold

Lode’ gold has been mined as the pr1nc1pal product from’ approx1mately 116 mines, the largest of
which have been the Knob Hill, Gold King, and Holden mines, in the Republic, Wenatchee and Railroad
Creek mlnmg districts (26, 6, and 18), respectively. Other significant production has’ come from the

Blewett, Mount Baker, Slate Creek, Monté 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 Kalf the ‘gold production has come as a co-préduct’ or byproduct of

hase-metal mining. Early" productlon 1ncluded placer gold in falrly large amounts but in recent years'

very little placer production has been recorded

Gold deposits include free gold and aur]ferous sulfides in quartz veins in rocks rangmg from Ter-
tiary sedimentary and volcanlc rocks to Precambrian metamorphic rocks. Some deposits occur within
s111c1f1ed and pyrrtrzed breccia zones in Tert1ary volcanics and in older rocks. Most of the lode gold
dep051ts are associated with granltlc rocks of Tertrary age, but some appear to be related to Late Cre-
taceous hathollths and a few in southern Pend Ore1lle County may be related to Precambrxan 1gne0us
rocks o
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- Im the Republlc district. (26) the gold occurs with small amounts of pyrite ‘in low- temperature quartz-

calcite ‘veins: in* Tertiary 'Volcanic' and intrusive rocks.” Most of the gold occurs in a series of east-

dipping 'veins in a belt 6 miles in length in which the veins trend in a: northerly diréction 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: ng ‘mine-in the Wenat-
chee district (6);, gold- occurs with very minor amounts of pyrite in quartz veins.in a silicified zoné.
near-the axis-of:a: northwest trending anticline 'in nonmarine sandstone of: the Swauk.Formation-of prob- -

" able-Paleocene age. Several small bodies of Terflary 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 district (18) had a production of 612,778 ounces of gold: during its 20- years of opera-

~ tion. In-the Blewett district (7) gold occurs in quartz veins-in serpentlnlzed peridotite that is: intruded
by Mount Stuart Granodiorite of Mesozoic age: At°the First Thought miné-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 metamorphlc 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 ‘just
notth-of a large mass of granitic rock of Tertiaryiage. In the Monte Cristo, Silverton, Silver Creek;

Miller River, Conconully, Oroville-Nighthawk (12, 14, 11, 9, 22, 23); ‘and 'several other 'mining districts

"of the State, ‘gold is associated ‘with- pyrite ‘and arsenopyrite and with silver, copper, lead, and-zinc
-miinerals in qudrtz ‘'veins and in shear zones in both Tertlary and Mesoz01c granltlc rocks and ad]acent_
rsedlmentary, volcanlc and metamorphlc rocks : -

Sllver

' - -

lever is- reported to have been mlned as’the. pr1n01pal product from 38 mines, but most of the pro-

'ductlon has ‘been a byproduct of the gold and base metal mines in the State Total SIIver productlon of
‘the State from 1866 through 1956 has been $12 265,109." ‘ B

"Of 'the few mines that were operated in the early days pl‘lmal‘lly for thelr s1lver content the Old

vaomlmon 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 s11ver producers in’ Washlngton, ‘were near the surface in- hlghly ox1d1zed zones

-

At another lmportant producer the Deer Trail mme (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 natfow shear zones

about equally distributed between the Colville Granite of Mesozoic age and the upper Paleozoic (?)
metasedlmentary rocks of ‘the Covada Group that are intruded by the granite. In the Covada district .

‘the same formations contain lead-silver-zinc véins. ‘In the 'Ruby-Conconully district and the Oroville-
Nighthawk- dlstrlct (22 and’'23) to the north, the silver deposits are found at or within a short distance
‘of ‘the contact between older metamorphlc rocks and granitic rocks of the Similkameen batholith of Meso-
- zoic ‘age. " In these districts galena is the most abundant ore mineral; assdciated minerals are pyrite,

sphalerite, chalccpyrlte, and -tétrahedrite. Oxidation has-affected the veins to only shallow" 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’ relatlvely low silver values These deposits-also are associated with Tertiary plu-
tonic rocks. = - - N s Co e A

*Copper” - . \;c

Twenty four mines in- - the State are reported to have produced copper as thelr pr1nc1pal product
Copper occurrences are dlstrlbuted throughout northeastern - Washlngton, from the Canadlan border south-
ward in the Cascade Mountalns to. the ‘central part of the State, and in a few small areas in the southern

' Cascades Cumulatlve productlon 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 104 911

" ‘tons camie from the Holden mine during the 20—year period it operated, from 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 in a-: -high- grade metamorphlc zone of sheared schlst and amphlbohte -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 shoot was parallel to the enclosing foliated metamorphic rocks and.pitched about 60 degrees-to the

east. The ore body was.cut by numerous .post-ore dikes associated with the nearby  Tertiary.Cloudy "
Pass pluton -and. by some possibly older dikes. The Glacier Peak (Miners Ridge). property(17)ionly

about 8 miles to the west, contains more than 20 million tons of low-grade copper:ore-in:onezor more
bedies. - -At this property, chalcopyrlte and. molybdenite are dlssemlnated in the -Cloudy:: Pass: pluton-: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 occufs along a northeast.lineament
that crosscuts the prevailing northwest regional trends of the range (A. R. Grant, pérsonal communica-
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 .secondsary biotite and
potash feldspar.  About 8 milés 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 d'ioriti,c 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. 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,
hornite, 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 ¢re along a northwest-trending shear zone in Tertiary -
quartz diorite. Chalcopyrlte and bornite were the prmcxpal ore mmerals occumng in places as solld _

massnve lenses w1th little or no quartz gangue.

West of the crest of the Cascade Mountains most of the copper deposits are in a narrow 1rregular'

' Belt that extends southward from the Darrington area in northern Snohomish County to Snoqualmie Pass
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, ‘312 11 and 10), the ore depos1ts occur in and near

. granmc rocks of late Tertlary age. o )
. ?

East of the crest in t,he Caqcades al%o, many of the copper dep051ts are assoc1ated w1th Tertlary
granitic rocks, but farther to the east, in Okanogan, Ferry, Stevens, and Pend Oreille Counties, copper
deposits — mostly. complex ores in quartz veins — are relgted to Mesozoic granitic rocks: At the United
Copper and nearby properties in the Chewelah district (8)" of Stevens County, copper-silver-quartz veins
are. parallel to the.schistosity 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 miles west of Danville (25) chalcopyrite is disseminated and -in veinlets along the
foliation of schistose serpentinized dacite in a zone 50 feet wide in the hanging wall of a diabase dike.

Zinc and Lead

Zinc has‘been mined es the brincipal prodect at 23 mi'nee in the State, and lead at 36 mines. i'T,otal
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 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 districts 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 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 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 w1th 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 in Metaline Limestone of Middle Cambrian age, generally in a zone -
less than 500 feet stratlgraphlcally below the overlying Ordovmlan 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 belng the common minerals. Galena appears to 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 bréccia 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 con- e

tained about<¥E35 ounce of silver for each 1 percent- -of lead. Although the closest outcrops of the quartz
monzonite and’ granodlorlte of the Kaniksu bathohth of Cretaceous age are several miles distant from
the largest known ore bod1es, it has been suggested that the zmc -lead deposits are related to this
batholith and that metalllzatlon took place durlng a late stage of. lts 1ntrus1ve hlstory )

Although one of the large mines in the Metallne district (29) the Grandv1ew was closed down in
recent months;, the possibility of developing significant new reserves in the district is con51dered 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 slate, but others are far
below the top of ‘the limestone formation. The ore bodies are not veins but are roughly tabular replace-
ment depos1ts that are parallel or nearly parallel to bedding planes. Ore is.localized along bedding-
plane shears in several mines. Many deposits seem to be related to major ‘'or minot faults, and at some
deposits, .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 present time from nearly
vertical ch1mneys or pipes in Metaline Limestone in the Gladstone Mountairi area in the eastern part of
the Northport district. In plan view the chimneys are roughly circular or elllpso1dal They appear to be -
loc‘allzed in brecma The ore mmerals are cerussite and galena. : ‘

I . : T "Uranium

Uranium has been reported in many, localities 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 metasedlmentary rocks and Mesozoic granitic
rocks at and near their contact. Small production has come from Tertlary ‘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. Welssenborn, oral
communication,’ 1964) : - _ ] c -
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the University of Washington, who has. worked for many-years in the northern Cascade Mountains, and
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A w1de varlety of mmeral deposrts occurs in Washmgton Incomplete records 1nd1cate that, from the

first reported discovery of gold in 1853 through 1963, Washington’s total cumulative mineral productlon
. 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. - o

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'— and

the northern Cascade Mountains counties of Chelan .and Snohomish. These are the _principal areas of
occurrence of Tertlary and Mesozorc intrusive rocks and pre- Tertlary metamorphlc rocks

The principal metals, in decreasmg order of productmn ‘value; are zinc, gold lead copper, srlver,"
and uranium. Lesser amounts of tungsten, mercury, iron ore, antimony, manganese molybdenum, and
chromite have been mined. - .

The State of Washmgton .can be broadly d1v1ded on. the bas1s of rock types and structural features -
into the seven falrly distinct geologlc areas that are descrlbed 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 mlogeosynchnal rocks .of
early Paleozoic age, with lesser amounts of eugeosynchnal metasedimentary rocks of late Paleozoic age
and Precambrian metasedimentary rocks. In this area the. structural trends are qulte 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 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 Mesoz01c, 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 productron of
these metals has been from Cambrian 11mestones 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 volcanlcs in northwestern Stevens County . have produced
gold. i

2. To the west in Ferry County is an area about 20 miles wide and 80 ‘miles long north and south
whichis predommantly underlain by Tertiary volcanic rocks with minor sedimentary interbeds. In places
these are intruded by Tert1ary dacites and similar rocks. Much of this area lies within the north-north-
east trending Republic graben. The Tertiary rocks in the Repubhc district (26, Flg 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 Mountams 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, |
mlgmatltes and granitic rocks. Greenstone and sllghtly metamorphosed sedlmentary 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 to 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 as, 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 laterlzatlon of the ultramafic rock.

4. Erosion in the southern Cascades has penetrated the cover of Tertlary andesites and basalts
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 districts (3 and 2). Most of
the mercury production from Wasl}m ton — 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-
erallzatlon was locahzed by permeable sedimentary beds and 1mpermeable gouge zones along faults.

: 5. The Olympic Mountains in the northwestern part of the State is an area of Tertiary and Mesozmc
shales and .sandstqnes. The central area.is 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-of submarine basalts-of 'middle Eocene age. In-the basalts are -minor interbeds of argilla--
ceous: limestone,” with which are associated deposits of manganese silicates’ 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 tlme the Iavas were extruded on the ocean bottom. .

6. West of the western flanks of the Cascade Mountains are the Puget Sound Lowland and the
: Wlllapa Hills, which are underlain by marine and nonmarine sandstone and shale and flows of basalt 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.

o 7 The whole southeastern part of Washmgton comprlsmg at least a third of the area of the State,
is covered by a thlck series of basalt flows, largely of Miocene age, but including some continental
sedlmentary beds and basalt flows of Pliocene age. The flows and beds in this area are mostly. low-
dlppmg to flat- lylng, except for a series of west and northwest-trending anticlines in the western part
of the area. These rocks contain fo deposits of metallic. minerals but are the source from whlch diato-
m1te and pumlcrte have been produced

Goid

Lode gold has been mined as the principal product from approx1mate1y '116 mines, the largest of
whlch 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 51gn1flcant production has come from the
Blewett, Mount 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 productlon has come as a co- product or byproduct of
base metal mining. Early productlon included placer gold in falrly large amounts but 1n recent years
very little placer production has been recorded.

Gold deposits include free gold and auriferous sulfrdes in quartz velns in rocks ranging from Ter-
tiary sedlmentary and volcanic rocks to Precambrian metamorphlc rocks.” Some deposits occur within

silicified and pyritized breccia zones in Tertiary volcamcs and in older rocks Most of the lode gold .

deposns 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 Precambrlan igneous
rocks
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In' the Republlc district (26) ‘the gold oc¢urs with small amounts of pyrite in low- temperature quartz-

- calcite veins in Tertlary -vol¢anic and intrusive rocks. -Most of the gold occurs’ in a series of east-
_dipping veins:in a’belt 6 miles in‘length in which the veins trend in a northerly diréction 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 Swauk.Formation of prob-

.able -Paleocene age. Several small bodies. of Tertlary 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 district (18) had a production of 612,778 ounces-of gold during its 20 years of: opera-
tion.. In the Blewett district (7) gold occurs in quartz veins in serpentinized peridotite that is intruded
by Mount ‘Stuart Granodiorite of Mesozoic age. At the First Thought mine-in the Orient district (27) in
Stevens County, gold occurs in a wide silicified and pyritized breccia‘ zone-in dcid volcanic rocks

" of Tertiaty 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 east, in the Slate Creek district (21),
_ gold. is' found 'in" breccia. zones and quartz'veins in tightly  folded Cretaceous sedimentary rocks: just

north ‘of 'a large  mass 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 mining 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 Tertlary and Mesozorc gramtlc rocks and ad]acent‘
sedlmentary, volcanlc and metamorphlc rocks : : ‘

Sllver

Sllver is reported to have been mined as the prmcrpal product from 38" mines,. but’ most of the pro-

duction has ‘been a byproduct of the gold and base metal mlnes in the State. Total 31lver productlon of
the State from 1866 through 1956 has been $12,265,109. T e e

Of the few mlnes that were operated in the early days prlmarlly for their sﬂver content 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 fracture zones in Cambrian Old Dominion

Limestone near-its’ contact with Cretaceous granitic rock.. The hlghest silver values here; as well’ as
at most of the other sﬂver producers- in Washington, wére near the surface in hlghly ox1d1zed zones

At another 1mportant 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 and24), silver occurs in stephamte,
argentite,  pyargyrite, galena, pyrite, chalcopyrite, and tetrahedrite in veins and nartow- shear 'zones
about equally distributed between the Colville ‘Granite of Mesozoic. age and the upper Paleozoic (?)

: metasedlmentary rocks ‘of the Covada Group that are intruded by the gratite. 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 between older metamorphlc rocks 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, chalcopyrite, and tetrahedrite. Oxidation has affected the veins to only shallow 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 relatlvely low s1lver values. ‘These deposits also are associated with Tertiary plu-
tonic rocks. ; . ' .

) Copper -
~'I‘Wenty four mines in the State are reported to have produced copper ‘as their principal product.
Copper occurrences are distributed throughout northeastern Washmgton 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 productlon 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 104 ,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 sulfide disseminations 20 to 75 feet wide, 2,500 feet long, and
2,500 feet'deep in a high-grade metamorphrc zone of sheared schlst and- amphlbollte 1n ‘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 shoot was -parallel to the enclosmg foliated metamorphic rocks and pitched about 60 degrees to the
east. The ore body was cut by numerous. post-ore dikes associated with the nearby Tertiary Cloudy
Pass pluton and by, some possibly older dikes. The Glacier Peak (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 property, chalcopynte and molybdenite are disseminated in the Cloudy Pass.-pluton of -
Tertlary 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 _lmeament,
that crosscuts the prevailing northwest regional trends of the range (A. R. Grant, personal .communica-
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 .secondsary 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 molybdenlte

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 between Tertiary rhyolite and basalt. The Sunset mine in the Index
district (10) of Shohomish County for several years was the leading copper producer in the State. The
deposit consisted of a series of lenses of copper are along a northwest-trending shear zone in Tertiary
quartz diorite. Chalcopyrite and bornite were the pr1nc1pal ore minerals, occurrmg in places as solld '
massive lenses with little or no quartz gangue.

West of the crest .of the Cascade Mountalns most of the copper depos1ts are .in .a narrow 1rregular
belt that extends southward from the Darrington area in northern Snohomish County to Shoqualmie Pass
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 depos1ts ooccur in and near
granitic rocks of late Tertlary age. i

East of the crest in the Cascades also, many of the copper deposns are associated w1th Tertlary
granitic_rocks, but farther to the east, in Okanogan, Ferry, Stevens, and Pend Oreille Counties, .copper
deposits — mostly . .complex ores in quartz veins ~ are relafed to Mesozoic, granitic rocks. At the United
Copper -and nearby properties in the Chewelah district (Q) of. Stevens County, copper- sﬂver-quartz veins
are parallel to the sch1stos1ty of enclosing phylllte 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, ]ust south of the Cana-
dian border about 4 miles west of Danville (25) chalcopyrite.is disseminated and .in veinlets along the
foliation of schistose serpentlnlzed dacite in a zone 50 feet wide in;the hanging wall of a diabase dike.

Zinc and Lead’

. Zinc has been mined as the prlnclpal product at 23 mines in \ the State, and lead at 36 mines. Total
cumulatwe production of zinc through 1963 has had a value of $109 mllhon 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 sﬂver 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 in the
Metaline district (29) in northetn Pénd Oreille County. * Other important production has come from $imi-
lar deposits in the Northport (28) and other districts 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 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 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 Metalme district, zinc occurs with lesser amounts of lead as large low-grade replacement
deposits of disseminated sulfides in Metaline Limestone of Middle Cambrian age, generally in a zone

less.than 500 feet stratigraphically below the overlying ! 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, sphalente and galena being the common mlnerals Galena appears to 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 Pend:
Oreille mine: in recent years has shown'a ratio of about 3 parts of zinc to.1 part lead, and the ore con--"
tained about-&8% ounce of silver for each 1 percent of lead. Although the closest outcrops of the quartz’ ..
monzonite and ‘granodiorite .of the Kaniksu batholith of Cretaceous age are several miles distant from"
the largest .known ore bodies, it has been suggested that the zinc-lead" -deposits ate related to thls'
hathollth and that metalllzatlon took place dunng a late stage of 1ts 1ntruslve hlstory '

Although oné of the large mines in the Metallne dlstrlct (29) the Grandv1ew, was closed down in
recent months,.the. possxl’nhty of developing significant new reserves in the dlstrlct is consndered to be
very good. 5

. In the Northport district (28) in northern Stevens County most of the larger zinc- lead ore bodles
are.-also in the.Metaline Limestone; some are near the overlying. Ordovician slate, but others ‘are far
below the top of the limestone formahon The ore bodies are not veins but are roughly tabular replace-
ment deposlts that are parallel or nearly parallel to. bedding planes. Ore is localized along bedding-
plane shears in several mines. Many deposits seem to be related to major or minor faults, -and at some
deposits, .such as those at the Van Stone and Deep Creek mines, Mesozoic granlte crops” out nearby.

A small amount (about 25,000 tons) of lead has been produced from 1916 to.the present time from nearly

_communication, 1964). ) ; L

~ vertical chimneys or pipesin Metaline Limestone in the Gladstone Mountain drea in the eastern ‘part of
‘the' Northport district. In plan view the chimneys are roughly circular or elllpsmdal They appear to be

locallzed in breccia. The ore minerals are cerussite and galena
A V Uramum , o
Uranium has been reported in many localxt1es 1n Washlngton but most of. the productlon 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 Précambrian metasedlmentary rocks and Mesozoic granitic

rocks at and near their contact. Small‘production has come from Tertxary tuffs and lake beds in southern
Stevens County and from autumte filled joints and open. fractures in alaskite- and pegmatlte associated
with biotite-quartz monzonite of probable Cretaceous age in Spokane County (A. E Welssenborn, oral
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- 9A.

10 in. long in surface soil. Value: Of va]ue to coﬂ]ectors only.

10.

10A.
~ 10B.

10C.

10D.

10E.

1.

but warrants 1nvest1gatlon Ref 3, p. 29. /

‘Name Redtop -Cle ‘Elum Lake. Loc: /A belt

SKAMANIA COUNTY

Name : Wind River. Loc: On Wind River, about 17 mi. N. o% Carson.
Descr: Opals said to occur-as amygdu]es in lava buttes. /Not known
whether the opa] is of precious or.common variety. Value: Unknown,

Name : Rainbow. prospect. Loc: NWj sec. 5, (2- 5E) Descr: Small ,
quantity of amethystine quartz on dump of a shaft Value: Of value to
collectors only. Ref 3, p. 29. / v /

Name : Stevenson. Loc: Near E. Fk Spr1ng Creek abput 4 mi. NW of
Stevenson. Descr Buff-gray. chalcedony as CaWTty fil1lings as much as

Ref: 3, p. 29. - . / j

KITTITAS COUNTY

Name: Horse Canyon (Virden). Loc: Wy Sec. 34, /(20 17E). Descr: At-
tractive blue cha]cedony Value: Of va]ue to ¢ollectors only. Ref: 3
23.

Name: Cumby. Loc: SE)% sec. 21, (21- 1§E) on M4dd]e Fk. Teanaway River.

Descr: Attractive jasp-agate in veinlets in basalt. Value: Several
hundred pounds were mined and so]d 1n/ﬂ955 '

»

Name: Lion Gulch. Loc: NEY sec. 24,/ (21-17E) in Lion Gulch. Descr:
Green sandstone suitable for building stone/ Value: Quarried in 1954
by Washington Green Sandstone, Inc. /Mosej/Lake Washington. /

of Teanaway basalt 1 to 4 mi.
wide extending about 50 mi. westward to Cle Elum Lake and beyond Descr/
Agates and chalcedonic nodules and geodes in Teanaway basalt. /In sec.
16, (21-17E) ‘are abundant agates, 1nc1udnng blue varieties, and geodes
in soil and basalt bedrock. Va]ue 0f value to collectors onny Ref:;
3, p. 23-24. ” :

Name L1berty Loc: At heads of w1]}nams and Boulder Creeks Descn
Abundant agate-filled geodes reported Probably in Teanaway basalt. -
Value: Should be 1nvest1gated Ref: /3 p. 23.

Name: Squaw Creek. Loc: Inlﬁquaw Creek area 10 mi. E. of/ Yakima R/
Descr: Onyx agate reported as mass1ye interbasalt-flow filling. Ve
Some material is said to have been/sold Ref: 3, p. 24. o

Name: G1nkgo Petrified Forest State Park. Loc: In E. centra] pa
,T. 17 N., R. 22 E. Descr: 0pa11zed Togs and Tog fragments abunde
in the basa]t and interbasalt sed1ments Value: Currently a sta/
park hence removal of samp]es proh1b1ted Ref: 3, p./24-25.

/
/
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16.
7.

18.

19.

L

DOUGLAS COUNTY

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

Name: Saddle Mouhta1ns “Loc: Along summit of Saddle Mountains.
Descr: -Opalized wood is abundant. Value: Suitable foir ring stones,
\ brooches, etc. Ref: 1, p. 395-401, 426-430; 3, p. 21.

\ _ ' YAKIMA COUNTY

Name Mount ‘Adams. Loc: SW cor. sec. 27, (8-11E). Descr: L1ght
p1nk1sh gray andesite that breaks into sheets from % to 3 or 4 in.
th1ck and 6 to 8 ft. across. Value: Has been used for flagstones,
stone benches, and other decorative purposes Recently operated by
Joe\ Marsten, Port]and Oregon.

Name: Dog Lake. Loc: .On both sides of Clear Creek from Dog Lake to
T1eton River.. Descr: Light-gray andesite which breaks into long flat
tablets of various sizes. Value: Suitable for flagstones and pat1o
b]ocks Current]y operated in a small way.

\ ' .
Name: \Yak1ma Loc: NE% sec. 12 (13-18E). Descr: Red-and maroon

'Jasper with irregular yellow opa] phases occurs.in a 1-ft. bed associ-

ated with basalt. Value: Suitable for small ornaments. Ref: 3, p. 32.

\
Name Barrel Springs. ‘Loc: sec. 18, (12- 24E) Descr Opalized wood

- Value: Used by Indians for arrowheads Suitable for cutting and

po]\sh1ng~ Ref: 3, p. 32.
\

Name: Sunnys1de -White Bluffs road Loc: In small gullies crossed by
the Sunnys1de -White Bluffs road, sec. "26 or 35, (12-23E). Descr:
Exposures of a bed composed of a tangle of petrified wood fragments.
Va]ue\ Su1tab1e for cutting and polishing. Ref: 3, p. 32.

Name : Sunn;s1de Loc: Reported on N. side of Yakima River W. of
Sunnyside. Descr: Agates in smooth washed gravel. Value: Unknown.

‘Ref: 3,\ p: 3D

| \ FRANKLIN COUNTY

Name: White BIuffs. Loc: Along E. bank of Columbia River NW of
Pasco, in\T. 11\N.; R. 28 E. Descr: Agates in iron-stained forming
bluffs. Value: Of value to collectors only. Ref: 3, p. 20-2].
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21.

21A.

22.

23,

24.

25.

26.

27.

28.

KLICKITAT COUNTY

Name: Roosevelt. Loc: secs. 16 and 17, (3- 2]E) ' Descr Abundant
opaFiZed:wood between basalt flows and exposed in soil. Value: Of
value to collectors enly.. Ref: 3, p. 25. _ S _

Name:-,Laure]. Loc: NE% sec. 10, (5-11E). Descr: Red scoria. Value:

1'Current1y»prodUCea"byAWi]1iam Tubbs, Glenwood, Washington. -

OKANOGAN COUNTY

Name: Tunk Creek. Loc: Ni sec. 5, (35-27E).. Descr: .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. Ref: 3 p. 275 9, p. 856; 10, p. 519-527.

Name : Rooseve]t mine. Loc: Center sec. 24, (40- 30E)' Descr: Zoisite

~occurs with epidote, green garnet, and other contact metamorphic miner-

als. Va]ue of va]ue to collectors only. Ref: 12, p. 45.

Name : Nespelem. Loc Reported in N. center sec. 4 (31—3OE)} Descr:
Turquo1$e_ Va]ue Unknown warrants conf1rmat1on Ref: 3, p. 27.

'FERRY COUNTY

Name : Repub11c Loc Reported 15 mi. N.E. of Republic. Descr: Ame-

thyst, deta1ls unknown. Value: Unknown. Ref: 3, p. 20.

STEVENS COUNTY

Name: Smoky Bu1]1on' Loc: NE% sec. 3, (37-39E). Descr: Thulite

.occurs as %-in. veinlet. Va]ue Of interest to co]]ectors on]y

Ref: 3;.p.v30.
PEND OREILLE COUNTY

Name:  Timber Mountain. Loc: W. center: sec 29, and S. center sec.
32, (36-4E). Descr: Thulite crystals % in. or 1ess in size occur in

-pegmatite. Value: Of value to co]]ectors only. Ref: 3, p. 28; 8,

p. 57.

Name: Reis. Loc: On W. bank of Pend Oreilie_River,in'sec, 12, (31-

45E). " Descr: Amethyst crystals in a quartz vein. Value: Of value

to collectors only. Ref: 3, p. 28; 5, p. 46.



29.

30.

31.

32.

33.

34.

35.

36.

LINCOLN COUNTY

Name Mondov1 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 qua11ty Value: Unknown; warrants investigation. Ref:
3, p. 27 o S

'WHITMAN COUNTY

Name: Hole in the Ground (Bach) . ALoc On farm of H. C. Bach,

probab]y in NW4YNEY% sec. 22, (2041E). Descr: Sheeted metamorph1c
rock, in various shades of red, purple, and brown, breaks into
slabs 1 to 2 in. thick and several feet across. Value: Quarried
occasionally and used for flagstones, patio pav1ng, table tops,
and benches.

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

‘Name: Whelan. Loc: SWy sec. 20, (15-46E). Descr: Precious opal
occurs as cav1ty_77711ngs 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. 7765 11, p. 874.

Name: Moses. Loc: sec. 17, (11-45E). .Descr: Precious opal said
to occur in a prospect pit and as float along ra11way below prospect.

_Va]ue warrants confirmation. Ref: 3, p. 31, 7.

' QUARTZ CRYSTALS

‘WHATCOM COUNTY

Name: Yellow Aster Butte. Loc: Near S. % cor. sec. 18, (40- 9g).
Descr: Quartz crystals 1/8 to 4 in. long in vugs in quartz veins.
Value: Probab]y of value to co]]ectors only.

JEFFERSON COUNTY

Name: Mount Anderson. Loc: NW4SW; sec. 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.

Name: Rustler Creek. Loc: SW4SWs sec. 31, (25-7W). Descr: Quartz
crystals 2 in. long and 1 to 1% in. in diameter occur in open portions
of a quartz vein. Value: Of value to collectors only. Ref: 3, p. 22.
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37.

38,

39.

40.

4.

42.

43.

44,

SNOHOMISH COUNTY -

Name: Silvertip Peak Loc * Reported near Weden Creek-Silver Creek

divide SE. of Mackinaw prospect. Descr: A few clear quartz crysta]s
said to have been found, one of which was 4 in. .long and 2 in. in di-

ameter. Value: _Unknown, warrants dinvestigation. . Ref: 3, p. 30.

KING COUNTY

Name: Devil's Canyon. Loc: S% sec. 27, (25 ]OE) 300 ft. above Devil's.
Canyon prospect. Descr: Vuggy zone about 400 ft. wide in which are

many clusters of clear quartz crystals, most of the crystals being less
than 2 in. long and % in. in diameter. Value: Probably of value to -
collectors only. Ref: 3, p. 23.

Name: C]ipber. ng; "N. center sec. 1,'(23411E). Descr:- Vuggy zone _
contains.clear quartz crystals. Value: Might be useful in electronics;
warrants investigation. Ref: 3, p. 23.

Name Denny Iron. Loc: NE% sec. 6, (22-11E). Descf: Vugs and joiht

p]anes lTined with quartz crystals. Excellent crystals have been found
in float. Value: Deserves prospecting. Ref: 3, p. 22-23.

TKITTITAS~COUNTY

 Name: Lake Cle Elum. Loc: On W. shore of Lake C]e Elum near prominent

beach where island exists at high water. Probably in sec. 29, (21-14E).
Descr: Quartz crystals in geodes. Value: . Of value to collectors only.
Ref: 3, p. 24.. - o

CHELAN ~COUNTY.

Name: Crown Point mine. Loc: SE% sec. 8, (31-16E), at head of cirque
basin W. of Lyman Lake in Tong adit 200 ft. below molybdenite vein.
Descr: Vuggy zone 1in diorite contains clusters of quartz crystals as
much as 2 in. long. Value: Probably of value to collectors only.

Ref: 3, p. 18. .

OKANOGAN COUNTY

Name: Ear]y W1nters Creek Loc: On mountain just NW. of Tower.part
of Early Winters Creek. Descr: Said to be deposit of large, slightly
smoky quartz crystals. Value: Unknown; should be investigated. Ref: 3,

p. 27

Name: Sheridan district. Loc: Area at head of E. Fk. Toroda Creek.

-Descr: WOrk1ngs in this vicinity said to expose quartz crystals of
~ fairly large size. Value: Unknown; shou]d be 1nvest1gated Ref: 3, p.27.



WHITMAN COUNTY

45. Name: Colton. Loc: Near center sec..7, (13-46E), on Bald Butte near

CoTton. Descr: Smoky quartz crystals said to be numerous in a sand
pit. Value: Warrants investigation. Ref: 3, p. 31.

(Y
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A guartz-aragonite-talc schist from the lower Skagit Valley, Washington

BERNARD W. EVANS AND PETER MISCH

Department of Geological Sciences, University of Washington
Seattle, Washington 98195

Ahstract

y

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 tale 4 CaCO, + quartz extends

across the calcite-aragonite phase boundary.

Introduction

On the basis of field evidence, talc was added by
ey (1948, 1951) to Bowen's (1940) list of minerals
« % cxpected during the progressive metamorphism
* sdiceous dolomite. Experimental work in the
sud volatile system CaO-MgO-Si0O;-H,0-CO,
1=+ whsequently confirmed a stability field for the
w el pair tale + calcite (Metz et al., 1968; Gordon
¢ Greenwood, 1970; Skippen, 1971, 1974; Slaugh-
< ¢ gl 1975). At lower temperatures, or higher
“'i-fupacities, tale + caleite + CO, react to form
iamite + quartz + H,O; at higher temperatures,
a + caleite + quartz react to tremolite + CO, +
" and talc + calcite react to tremolite + dolomite

“0, + H,0.

Haswever, tale is not common in metamorphosed
‘tous dolomite (e.g. Melson, 1966; Hutcheon and
“ 22, 1973), and its absence has been ascribed to a
“mxroof factors, viz. the narrow field of stability
“"“5‘6 + calcite on the 7-Xco, diagram (Skippen,

L1974, Slaughter er al., 1975), production of a
v iemperature, very CQO,-rich fluid by buffering
"1 the reaction curve dolomite + potash feldspar
N = phlogopite + CaCO, + CO, (Gordon and
"."f-“-'*ood, 1970; Trommsdorfl, 1972), low pres--
*" sf metamorphism (Skippen, 1974), and high

j‘“‘-“'fs of metamorphism (Slaughter et al., 1975).
“‘Mi‘lper describes a rock containing the mineral
L pe talc + quartz + aragonite, from which it

"lerred that the field of talc + CaCO, + quartz

M g o . .
*4 4ctoss the calcite-aragonite phase boundary.

b

Regional setting

T e . .
N “‘gu‘lrtbamgonne«tzilc schist occurs asa [ to 3
“U¢ layer within graphitic phyllite in a small

roadside quarry overlooking the Skagit-River, on the
South Skagit Hignway, 2 1/2 miles east of its junction
with Washington State Highway 9 (Clear Lake Quad-
rangle). The rocks in the vicinity of the quarry belong
to the Darrington Phyllitc, 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, 1959,71966; Bry-
ant, 1955; Jones, 1959). The metamorphism of this
sequence was interpreted by Misch (1959) as repre-
senting an intermediate P/T range within a compre-
hensively-defined blueschist facies. Within this sub-
facies range, crossite and crossite-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 phyllites and nieta-
psammites, and jadeite has not been found, although
pyroxenes in the chloromelanite range (optically) oc-
cur in some metabasalts south of the Skagit (Bryant,
1955; Vance, 1957; Jones, 1959). Aragonite has re-

cently been identified in blueschist ten miles east of.

the locality here described.

At the quarry, the country-rock graphitic phyllites
contain phengite, 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 phyllites contain the record of an §;, S5, 5,
sequence.. S, survives in some panels between .S,
planes. The dominant foliation S, paraliels the axial
plane of tight folds of S,, with major trunsposition of
phyllosilicate and graphite layers. Asymmetric open
folding of S; has led to an oblique incipient S, with
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further transposition of graphite and some phyllosili-
cate,

Quartz-aragonite—-tale schist

The thin quartz-aragonite-talc schist forms a flat-
tened isoclinal fold of S,. Except in the narrow hinge,
all foliation seen in the talc layer represents S;, which
is marked by strongly aligned talc flakes, mostly
much less than 0.5 mm long, accompanied by minor
chlorite. S, is openly microfolded. This chlorite-talc
fabric is partially replaced by 1 to 4 mm quartz and
aragonite xenoblasts, commonly elongate parallel to
S,, and by S,-elongate glomeroblastic aggregates of
both minerals. Some quartz and aragonite crystals
include trains of S, 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 monomineralic chlorite schist several millime-
ters thick. The chlorite fabric is identical to that of
talc and is similarly and extensively replaced by S,-
elongate quartz xenoblasts which include trains of S,
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 chromite and a variety of
sulfides containing Ni, Fe; and Cu, is all that remains

AND P. MISCH

of the metaperidotite at the outcrop. The chlorite

setvage lacks carbonate but contains minor tremolite
in discrete layers (in one sample, at the talc-chlorite
boundary).

Although the replacement quartz and aragonite
postdate the talc and chlorite S, fabric and its opep
microfolding, they were nevertheless affected by cop.
siderable late-stage deformation. Both show strained
extinction, and aragonite has secondary polysyn.
thetic twinning. Moreover, widely spaced S; planes
oblique to S, cut the replacement quartz Xeno.
blasts, which at such shears are locally granulated
and annealed as fine-grained mosaic. This feature js

best displayed in the chlorite selvage which also |

shows local transposition and recrystallization of
chlorite in S;. The same pattern is shown less dis.

tinctly in the talc layer, involving transposition of tal

into S;. An irregular growth of minor amounts of
calcite has formed at the expense of some of the
aragonite,

Thus, the main. growth of quartz and aragonit
took place after formation of S, but predates S, Tak
crystallized during movement on S, recrystallized

during formation of .S; and recrystailized again, in

minor amounts, on S;. We therefore infer that the

intimate association of talc, aragonite, and quari

constitutes a stable assemblage. Tremolite did na
forim as a reaciion phase between talc and introduced

.iﬂtl""%].

\j,\\\\
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& > aragonite

o pquartz

=%25 talc fabric with subordinate chlorite
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===~ cChlorite-talc trains in aragonite and quariz

FiG. 1. Chlorite-bearing talc schist partially replaced by aragonite and quartz.
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FeO* 12,2

vg0 25.1

¢a0 .06
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TasLE L. Microprobe analyses of phases in talc schist

Chlorite Talc Chromite Aragonite
s 29.3 61.6 - -
i, .01 .00 .11 -~
a0, 1604 .03 12.1 -~
E oo, 3.9t .05 52.3 .00
1Ok 12.2 4.45 23.6 FeCO, .04
) 25.1 28.7 9.47 MgCO 4 .15
. - .06 .01 .09 CaCOy 98, 69%*
20 .19 .03 .54 MnCO; .00
10 .33 .16 .09 NiCO,3 .03
H .09 .10 = -
o .02 .02 - ~
. SrCo3 1.09
87.60 95.15  98.30 100.00

v total Fe as FeO t very variable ** py difference

arbonate and silica, although it did grow in minor
mounts on S, in the chloritic blackwall, where fi;,0

- aas presumably higher than in the talc layer.

Conclusions

Aside from Fe in the talc and Sr in the arago-
we, the compositions of the talc, aragonite, and

i wrlz can be rather well expressed by the system
L0-~-MgO-Si0,-

H,0~CO, (Table 1). The stabiliz-
i effect of Fe in the talc will be more than counter-
dlanced by Fe in tremolite, the alternate silicate
“ase, the over-all effect being minimal (Rice, 1975;
- ihompson, 1975). Similarly, the effect of-Sr in arago-
e is Jikely to be counterbalanced by Mg in calcite,
:“-C alternate carbonate phase; again, the overall ef-
“ton the stability of the assemblage talc-aragonite-
-tz will be minimal (see also Skippen and Hutch-
“n, 1974).
South of the Skagit River, the temperature of the
lamorphism of the Darrington Phyllite and Shuk-
1 Greenschist cannot have cxceeded ~400°C, the
- Per limit of stability of lawsonite (Crawford and
“le, 1965; Newton, 1966; Liou, 1971). Pressures of 7
\“} 9 kllobars arc required to stabilize aragonite at
"C and 400°C respectively (Johannes and Puhan,
1), The aragonite formed in the course of the
“tional metamorphism, and therefore at temper-
f s most likely_high enough to ensure its back-
;*“ion to calcite, had it formed from strained calcite
: the caleite stability field (Brown et al., 1962). We
“elore conclude that natural tale, amgomtp‘ and
“”‘Z are 4 stable paragenesis at pressures’in excess
h‘ Calcite~aragonite inversion curve. Even if the
* calcite stability field contracts with i increasing
“i‘um as claimed by Slaughter et al. (1975), it is

e
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still in existence at pressures high enough to convcrt
calcite to aragonite.
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